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PREFACE TO THE FOURTH EDITION. 


§ The recent rapid progress of science and the numerous 
expeditions by sea and land, not for mere amusement, but 
for high scientific rtssearch, have caused the accumulation 
of suclf a mags of valuable geographical information, that 
it is difficult to select the leading features where the inte- 
rest is so extensive, • and still more so to condense them 
within the narrow limits of a, w<3rk*Hke the present. In 
many instances newly discovered facts have eo modified 
received opinions, that it has been necessarjf to add much 
new matter, and remodel' several of the chapters in this 
volume. 

In the former editions the Author acknowledged her 
obligations to* Barorf Humboldt’s invaluable Qdfipos, with 
General Sabine’s excellent notes ; to the Works of Sir 
Charles Lyell, which have so much contributed to popu- 
larise Gdblogy wherever the English language is read or 
spoken*; 1 to the researches of Messrs. Strachey, Thomson, 
and Dr. Joseph Hooker* on the Himalaya, and to the 
papers in the numerous periodical publications of Europe, 
India, and the United States. In the present she must 
express her gratitude ta others whose discoveries and re- 
searches have so largely contributed to the improvement 
of this, and in particular to Sir Roderick Murchison, who 
amongst our countrymen stands unrivalled tin everything 
connected with Geology— to Professor II. D. Rogers of 
Glasgow, formerly of the United States, for his account 
of the Physical Geography and Geology of the North 

American Continent. The surveys that have been exe- 

« 

1 ‘Principles of Geology/ by Sir Charles Lyell, 8vo.; ‘Manual of Ele- ’ 
mentary Geology/ by Sir Charles Lyell, 8vo. ; 4 The Geological Observer/ by 
Sir Henry T. De la BeShe, C.B., 8vo., 1851. 

Hooker*® 4 Himalayan Journals/ Thomsons 4 Western Tibet.* 
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n PREFACE TO THE FOURTH EDITION. 

cuted with a view # of establishing canals and railways 
across Central America have furnished much new infor- 
mation with regard to a country which has become of 
Jttiore interest since the discovery of great auriferous riches 
In ^California. The travels of Colonel and Mr. Strachey, 
the labours of several British officers in Tibet and the 
Himalaya, and the continuation of the Survey of British 
fndia under the able direction of Colonel Waugh, have 
Opened .new views with regard to the most elevated regions 
of the Asiatic Continents ; whilst the* Discoveries of Dr. 
Livingstone in South* Africa, made in subordination to 
much higher •objects, and those of Dr. Barth and his com- 
panions in the Northern part of that Continent, have enabled 
the Author to give a mole accurate view of countries that 
have been until now a ten a incognita. This was also the 
case as regains Northern Australia before the late able 
survey of Mr. Gregory. 

The following jpages will show Iiqw highly the Physical 
Geography of the Ocean, by Lieutenant Maury, has been 
appreciated J>y the* Author ; and the dxtent bf information 
she has collected from the surveys and narratives of the 
brave and able officers, both of her own country and of the 
United States, in their perilous examinations of the Arctic 
Regions In search of the evcr-to-be-lamerited Franklfli. 

On the subject of the Tides Dr. Whewell’s labours have 
been her great author^ and guid$» as those of her friends 
General Sabine and Mr. Faraday on Terrestrial Magnetism. 

In this, as well as in former editions, the Author has 
availed herself laigely of the invaluable labours of Mr. 
Alexander Keith Johnston . 1 The nbw edition of his Atlas 
of Physical Geography in folio, published duiing the past 
year, has been of the greatest service to her in the com- 
pilation of the present yolume , 8 as also tho Geographical 

1 * The Physical Atlas of Natuial Phenomena,* 1 vol. fol. 2nd edit. 1856 ; 

* The Physical Atlas, leduced foi the Use of Colleges, Families, &c./ 1 vol 4to.; 
and *1h£ School Atlas ot Physical Gtngiaphy,* 1 vol. 4to. 

* 9 It had been the author’s wish, and hei publisher’s intention, to accompany 

th a woik with maps illustrative of the most important questions of Physical 
Geogiaphy, but this has been rendeied unnecessaiy *Vy the edition of the 

* Physical Atlas ^on a reduced scale, which has been giren to the public. 
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Dictionary by the same author, the .most , complete and 
accurate work of the kind that has appeared in our own or 
any other language. 

To Sir Roderick Murchison, Mr. George Gray, Mr; Scl&ter, 
Mr. Adam White, of the British Museum, whoiiaye looked 
over the chapters on Geology and Zoology, to Dr. Hooker 
and Professor Henslow, who have carefully revised those 
on Botany, and to Mr. Alexander Keitli Johnston for his 
general revision of the geographical portion, the Author’s 
best thanks are durt • \ 

To Her friend Mr. Pentland she must express her acknow- 
ledgments for his kindness, during her residence abroad, 
in again superintending the passage through the press of 
this new edition, for matter hitherfa* unpublished on the 
countries visited by him in South America, and/or valuable 
information that could only be procured in England. 


Florence, November, 18^. 
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PHYSICAL GEOGKAP, 


CHAPTER I. 

GEOLOGY. • 

Of Fhj sical Gtogiaphy — Position of the Laith in the Solar System- — Distance 
fiom the Sun — C ivil You — Moss of the Sun — Distance of the Moon — 
1 1^111 1 ami Density oi the Lai th^fiom the Mptiun^of the Moon — 1 iguie of 
the Faith fiom the Measuie of Aics of the Mendufn fiom Oscillations ot 
Pendulum — I ocil Distuibances — Mean Density. of the Lafth — Known 
Depth below its* Suit ice — Outline of Oeology. * 

Pirv&icAL Geography is a descnption ofstho earth, the sea, and the 
ail, with then inhabitants Ainmal and vegetable, ®f the distribution 
of these organized beings, and tlieeiuses of tliat # distiibution. Poh- 
tital and aibitrary divisions aie disicgaided, the sea smti the land 
ait con sideitd only with lespcct to tliosc great features that lia\e 
Inin st imped upon them by the hand of the Almighty, and man 
himscll is ytewed but is a ft llow -inhabitant of the globe with other 
ere lied things, yet influencing them to a certain extend fry his 
actions, and influenced m return •T.he cflccts of his intellectual 
bu pei 101 ity on the inftiioi aipmals, anc^cS cn on his own condition, 
by the subjection of some ofdthe most poweiful agents in natuie to 
his will, togctliei with tlie othu causes which have had tliegieatest 
influence on Ins physical and moial state, ire among the most lm- 
poitant subjects oi this scunce. 

Ihefoimtr state of oui toirestnal habitation, tho«uccessi\c con- 
nilsions which have ultimately led to its present geographical ai- 
ltngcincnt, and to tlie actual distribution ot land*and watci, so 
pow ti fully mflueiitnl on the destinies of ipankfhd, are cncum- 
stanccs of pnmaiy impoitance. • 

r J he position of the ai th with legard to the sun, and its connexion 
with the bodies of the soldi system, have been noticed m anotliei woik 
of the authoi’s 1 It has been there shown that our globe forms but 
an atom m the immensity of space, utterly invisible fiom the ne irest 
fixed stai, and scaiccly a telescopic object to the remotei planets of 

1 # &oiufi \ illc’s Connexion of the Physical Sciences. 
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tour system, The increase of temperature with the depth below the 
$$£*06 of the earth* and the tremendous desolation hurled over 
.wide regions by numerous fire-breathing mountains, show that man 
ijs removed but a few miles from immense lakes or seas of liquid 
"fife, * the very shell on which he stands is unstable under his feet, 
Abt^uly from those temporary convulsions that 6eem to shake the 
globe to its Oentre, but from a slow almost imperceptible elevation 
in some places, and an equally gentle subsidence in others, as if the 
internal molten matter were subject to secular tides, now heaving 
and now ebbing, or that the subjacent rocks were in one place ex- 
panded and in another contracted by changes of temperature. 

The earthquake and the tqpent, the august and terrible ministers 
of Almighty Power, have torn the solid earth and opened the seals 
of the most Ancient records of creation, written in indelible cha- 
racters on the “perpetual hills and the everlasting mountains.” 
There we read of the changes that have brought the rude mass to 
its present^ fair stdte, and of the myriads of beings that have ap- 
peared on thin mortal stage, have fulfilled their destinies, and have 
been swept from existence to make way for new races, which, in 
their turn, have vanished from the scene, till the creation of man 
completed the glorious worK. Who sh^Jl define the periods of those 
mornings and evenings when God saw that his work was good? 
and who hall dectare the time allotted to the human race, when 
the generations of the most insignificant insect existed for unnum- 
bered ages ? Yet man is also to vanish in the ever-changing course 
\ of events. The earth is to be burnt up, and the elements are to 
melt with fervent heat — to be again reduced to chaos — possibly to 
be renovated and adorned for other races of beings. These stupen- 
dous changes may be bu^cycles in those great laws of the universe 
where all is variable but the laws th&nselves, and He who has or- 
dained them. # 

The earth is one of fifty- seven planets which revolve about the sun 
in elliptical orbits : of these forty-nine have been discovered since the 
year 1781. 1 Mercury and Yenus are nearer the sun than the earth, 


* 1 Solar System. 

StJN. 

Mercury. . . . Known to the Ancients. 

Venus .... •„ 

The Earth . . • „ 

Mars ....•„ In 

Flora .. .. Discovered by # .. .. Hind 1847' 

HARMONIA . . „ Goldschmidt . . . . 1856 

Melpomene .. „ Hind 1852 

Victoria.. .. „ Hind 1850 

Euterpe.. .. „ Hind 1853 

Vesta .. .. „ Olbers A .% .. 1807 

Urania 
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PLANETS. 


v m \ 

the others are more remote. The earth revives at a mean distance 
of 95,000,000 miles from the sun's centre, in a citfl year of 565 


Urania . . 

, , 

Discovered by •« . 

• Hind,, ,, 

. . In 1854 

Metis 


99 

Graham .. 

• • • • 

1848 

Iris .. .. 

* 

• • 

99 

Hind . . . . 

• • + • 
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Chacornae 


1858 

Massalia 

• • 

99 

De Gasparis 

• • • ^ 

1852 

Hebe 



Hencke . . 

• • « f 

1847 

Lut* tia .. 



Goldschmidt 


1852 

Fortuna . . 

, . 


Hind.. 

• • • • 

1852 

Parthenope 


99 

De Gasparis 


185Q. 

Thetis . . 



Luther . . 

* 

1852 

Fides #. . 


99 

Luther 

, , 

1855 

Amphitrite 

, , 


Marth . , 

• • • • 

1854 

Egeria . . 


99 

De Gasparis 

• • 

1850 

Astrjea . . 

, , 


Hencke 

.. 

1845 

Pomona .. 

, , 


# GoM^hrojdt 

• • . . 

1854 

Irene 

, , 


f Hind • . A . 

a . 

1851 

Thalia . . 



Hind.. • .. 

. . • . . 

1852 

Eunomia . . 

, , 

99 

De Gafeparis 


•1831 

Proserpine 

. , 


Luther 


1853 

Circe 



Chacornae . . 


1855 

Juno 

• • 

99 

Warding . . 

• • . . 

1804 

Leda 



Chacornae • 

• • 

1856 

Lastitia . . 

* • 

* 

Chacornae 


1856 

Ceres 

• 

J9 

Piazzi * . . 

« 

1801 

Pallas . . 


99 

Olbers 

• • 

1802 

Atalanta 


99 

Goldschmidt 


1855 

Bellona . . 


99 

Luther 
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1854 

POLVHYMNJA 
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Leucothea 
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Luther 
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1855 

Calliope 


99 

Hind.. .. 


1852 

Psyche . . 


91 
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1852 

Thfmis . . 


99 

^De Gasparis 

• • . , 

1853 

Hyoiea . . 

. . 

* 

De Gasparis 

. • . . 

1819 

Euphrosyne 

, t 

99 

Ferguson . . 

• • * • 

1854 

Daphne .. 


99 

Goldschmidt 

• • . • 

1856 

Isis . . . . 


99 

Pogson . . 

. ■ . • 

1856 

Ariadne . . 

, , 

99 

Pogson 

• • . . 

1856 

Nysa 

. m 


Goldschmidt 


1857 

Eugenia . . 


99 

Goldschmidt 

Aug. 1*6, 

1857 

99 • • 


99 

Pogson 

• 

• # • • 

1857 

99 • • 

, , 

99 

Luther . • 

• • • • 

1857 

99 * • 


99 

Goldschmidt 

Sept. 19, 

1857 

Peles 


99 

Goldschmidt 

* 99 99 

1857 

Jupiter . . 

. . 

Known to the Ancients. 



Saturn . . 

. . 

99 




Uranus . . 

. , 

Discovered by . . . . 

Sir Wm. Herschel . . 

1781 

Neptune . . 

, , 

* 

Mr. Adams. Le Terrier. 





and Gallo 

• • • • 

1846 


From the elements and position of the orbits of the small bodies which 
revolve between Mars and Jupiter, it has been conjectured that they once 
formed the mass of\^ large planet which had exploded ; upon this hypothesis 
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dayp ‘6 hoard 48 minutes 49*7 seconds, at the same time that it 
rotates in 24 hours about an axis which always remains parallel to 
itself, and inclined at an angle of 23° 27' 28 ,/, '75»*to the plane of the 
ecliptic ; consequently the days atid nights are of equal length at 
the equator, from whence they progressively differ more an^jpore 
as* the latitude increases, till at each pole alternately there" 1 jf^er- 
petual day for six months, and a night of the same duration : 
thus the light and heat are very unequally distributed, and both are 
modified by the atmosphere by which the earth is surrounded, and 
which extends to the height of about forty miles. 

•With. regard to magnitude, Mars, Jupiter, Saturn, Uranus, and 
NeptfinC, are larger than the earth, the rest are smaller ; Jbut even 
the largest is incomparably inferior to the sun in size : his mass is 
354,936 times "greater than that of the earth, but the earth is nearly 
four times as dense. * 

Though the placet/ disturb the earth in its motion, their form 
has no effect on account of their great distance ; but it is otherwise 
with regard to*tho moGn, which revolves about the earth at a mean 
distance of 240,000 miles, and is therefore so near that the 
form of both bodies causes mutual disturbances in their respective 
motions. The pesturbations in the mooi/s motions from that cause, 
compared with the same computed from theory, show that the earth 
is not a p&fftot sphere, but that it bulged at the equatd^and is 
flattened at the poles : they even give a value of this compression 1 
or flattening. Again, theory shows that, if the earth were through- 
out of the Bame density, it would be much less compressed at the 
poles than the moon's motions show it to be, but that it would he 
very nearly the same were the earth to increase regularly in density 
from the surface to its cen& ^ ; and thus the lunar motions not only 
make known the form, hut reveal the internal structure of our 
globe. Actual measurement has proved the truth of these results. 

The courses of the great rivers, which are generally navigable to 
a considerable extent, show that the curvature of tne land differs 
but little fromdhat of the ocean ; and as the heights of the moun- 
tains and continents are inconsiderable when compared with the 
magnitude of the earth, its figure is understood to be determined by 

several have actually been'' looked for, and found, but it is no longer tenable. 
The shooting stars which havd appeared in such remarkable showers in the 
months of August aud November, are believed to form a group which revolves 
about the sun in 182 days, in an elliptical orbit, and that in passing through 
the aphelion in August and November, they come in contact with the earth's 
atmosphere, on entering which with great velocity they become ignited and 
are consumed. 

1 The compression of the earth is the flattening at the poles. Its numerical 
value is equal to the difference between the equatorial and polar diameters, 
expressed in feet or miles, divided by the equatorial dialer. • 
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a surface at every point perpendicular to tl^e direction of gravita- 
tion, or of the plumb-line, and is the same which the sea would have 
if it were continued all round the earth beneath the continents. 
Such is the figure that has been measured in various parts of the 
globe. 

A terrestrial meridian is a line passing through both p>16 Is, 
all the points on which have their noon contemporaneously, and 
a degree of a meridian is its 180th part. The lines perpendicular 
to it are the parallels of latitude. Now, if the earth were a perfect 
sphere, all degrees of latitude would be of the same length 5 but, 
as it is flattened at thf poles, the degrees are longest thpre, and 
decrease pi length to the equator. The form and size of the'earth 
may therefore be determined by comparing the length of degrees of 
the meridian, in different latitudes. 1 Eleven arcs have been mea- 
sured in Europe, one in the Andes of equatorial America, two in 
the East Indies, and one at the Cape of*Good H^pe; but a compa- 
rison of no two gives identical results, which shows th$t the earth 
has a slightly irregular form. From a mean of ten*of these arcs, 
M. Bessel has deduced that the equatorial radius of the earth is 
3963-025 miles, and the polar radius 39^9*8 miles nearly. Whence, 
assuming the earth to be a sphere, the length o£a mean degree of 
the meridian is 69*05 British statute miles; therefore 360 degrees, 
or the whole circhmferefice of the globe, is 24$ 58 mijgj; the dia- 
meter, which is something less than a third of the circumference, is 
about 8286 statute miles ; and the length of a geographical mile of 
60 to a degree is 6086*76 feet. The breadth of the torrid zone is 
2815 geographical miles, the breadth of each of the temperate zones 
is 2854 miles, and that of each of the spaces within the arctio and 
antarctic circles 1140 miles nearly. results, obtained by Mr. 

Airy, the Astronomer Royal* ten years afterwards, only differ from 
those of M. Bessel by 117 feet in the equatorial, and 148 feet in the 
polar radius, quantities not greater than the length of a good-sized 
ball-room. In consequence of the round form of the earth, the dip 
or depression of the horizon is in round numbers a fathom for every 
three .miles of distance ; that is to say, an object a fathom or six 
feet high would be hid by the curvature of the earth* at the distance 
of three miles. Since the dip increases as % the Square, a hill 100 
fathoms high would be hid at the distance of ten miles ; and the 
top of Mount Everest the most elevated ppinfc of the Himalaya, 
hitherto measured 29,002 feet high, would he seen to sink beneath 
the horizon by a person about 169 miles off : thus, when the height 

1 The theoretical investigation of the figure of the earth, the method 
employed for measuring arcs of the meridian, and that of deducing the form 
of the earth from the oscillations of the pendulum, are given in the 6th Section 
of the 1 Connexion A^he Physical Sciences,’ by Mary Somerville, 8th edition. 
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-4&pwh, an estimate .can be formed of the distance of a mountain 
by observing its angular distance above the sea-horizon. 

The oscillations of the pendulum have afforded another method of 
ascertaining the form of the earth. like all heavy bodies, its descent 
and consequently its oscillations are accelerated in proportion to the 
foAeeOf gravitation, which increases from the equator to the poles. 
In order, therefore, that the oscillations may be everywhere per- 
formed in the same time, the length of the pendulum must be in- 
creased progressively in going from the equator to the poles, accord- 
ing to a. known law, 1 from whence the compression or flattening at 
the poles, may be deduced. Experiments for # that purpose have been 
made f in a great number of places ; but, as in the measurement of the 
meridian arcs, no two sets give exactly the same results. The 
mean of thte whole, however, differs very little from that given by the 
measurement of degrees of the meridian and the perturbations of the 
moon ; and as the t^re<? methods are se entirely independent of each 
other, the figure and dimensions of the earth may be considered 
to be known w4th great accuracy. The sea has little effect on these 
experiments, lx>th because its density is less than that of the earth, 
and that its mean depth qf perhaps four miles is inconsiderable 
when compared w#li 3956 miles, the mean terrestrial radius.* 

The discrepancies in the results, fjjom the comparison of the 

1 A pendAisi which oscillates 86,400 times in a mean day at the equator, 
will do the same at every point of the earth’s surface if its length be increased 
progressively to the pole as the square of the sine of the latitude. The sine of 
the latitude is a perpendicular line drawn from any point of a terrestrial 
meridian to the equatorial radius of the earth. That line expressed in feet or 
miles, ana multiplied by itself, is the square of the sine of the latitude. 
Gravitation increases from the equator <o the poles according to that law, aqd 
the length of the degrees augmbe fa very nearly in the same ratio. 

* The compression deduced by M. Bessel fcom the meridian arcs is — ; 

290 

that deduced by General Sabine from his pendulum experiments is 

— • . Other pendulum observations have given a compression of — and 
7 <4 o 298-2 

1 

20 ^. 4 * The protuberant matter at the earth's equator produces inequalities in 

the moon's motions* from whence the compression of the earth is found 
1 * 

to be 3 ~ 05 5 although till reciprocal action of the moon on the pro- 
tuberant matter at the earth's equator does not actually give the compression, 
it proves that it must be between and Coincidences and results 

so near and so remarkable, arrived at from such different methods, show how 
nearly the irregular figure of the earth has been determined. The inequalities 
in the motions of the moon and earth alluded to, are explained in Sections 5 
and 11, ‘ The Connexion of the Physical Sciences.' 
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different sets of pendulum experiments, and also of measured degrees 
of the meridian, can only arise from local attraction, and from irre- 
gularities in the form of theftearth’s surface.*, These attractions, 
produced from dense masses of rock or mountains, cause the plumb- 
line to deviate from the vertical, and when under ground they alter 
the oscillations of the pendulum. General Sabine, who made expsi*- 
ments with the pendulum from the equator to within ten degrees 
of the north pole, discovered that the intensity is augmented by 
volcanic islands. A variation to the amount of a tenth of a second 
in twenty-four hours can he perfectly ascertained in the rate of 
the pendulum ; but fronj some of these local attractions a variation 
of nearly fen seconds has occurred during the same period. •The 
islands of St. Helena, Ascension, St. Thomas, Mauritius, are some 
of those noted by General Sabine. 

There are other remarkable instances of local disturbance, arising 
from the geological nature of* the soil ;*for example, the intensity 
of gravitation is smaller at Bordeaux, from Whence jj; increases 
rapidly to Clermont-Ferrand, Milan, and Padua, wherff it attains a 
maximum (owing probably to dense masses of rock under ground), 
and from thence it extends to Parma. Jji consequence of this local 
attraction, the degrees of th# meridian in that parfc of Italy seem to 
increase in length towards the equator through a small space, in- 
stead of decreasing, as it ftie earth were drawn out instead of flat- 
tened at the poles. 

It appears from this, that the effect of the whole mass of the globe 
on a pendulum or torsion balance may be compared with the effect 
of a small part of it, and thus a comparison may be instituted between 
the mass of the earth and the mass of that part of it. Now a leaden 
ball was weighed against the earth by QC’&paring the effects of each 
upon a balance of torsion ; thg nearness of the smaller mass making 
it produce a sensible effect as compared with that of the larger, for 
by the laws of attraction the whole earth must be considered as col- 
lected in its centre. In this manner a value of the mass of the earth 
was obtained ; and, as its vobime was known, its me%n density was 
found «to be 5*675 times greater than that of water at the tem- 
perature of 62° of Fahrenheit’s thermometer. Now,*as that mean 
density is double that of basalt, and more than twiefc that of granite, 
rocks which undoubtedly have emanate from very great depths 
beneath the surface, it affoids another proof of the increase in density 
towards the earth’s centre. These experiments were first made bv 
Cavendish and Mitchell, and latterly ijrith much greater accuracy by 
the late Mr. Baily, who devoted four years of unremitted attention 
to the accomplishment of this important and difficult research. 1 

1 Mr. Airy h^s m u Je a series of experiments recently to ascertain the mean 
density of the earthly comparing the simultaneous oscillations of two 
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Although, the earjth increases in density from the surface to 
the centre, as might naturally be expected, from the increasing 
pressure, yet the surface consists of# great variety of substances of 
9 different densities, some of which occur in amorphous masses ; others 
*are disposed in regular layers or strata, either horizontal or inclined 
it all angles to the horizon. By mining, man has penetrated only 
a very little way ; but by reasoning from the dip or inclination of 
the strata at or near the surface, and from other circumstances, he 
has obtained a pretty accurate idea of the structure of our globe to 
the depth of about ten miles. All the substances of which we have 
any information are divided into four classes, distinguished by the 
maiilier in which they h^ve been formed : namely, plutonic and 
volcanic rocks, both of igneous origin, though produced under dif- 
ferent circumstances ; aqueous or stratified rocks, entirely due to 
the action of water, as the name implies ; and metamorphic rocks, 
originally deposits^, by wafer, according to the opinion of many geo- 
logists, and consequently stratified, but subsequently altered and 
crystallized By subterranean heat. The aqueous and volcanic rocks 
are formed at or near the surface* of the earth, the plutonic and 
metamorphic at great depths ; but all of them have originated simul- 
taneously during every geological period. The antagonistic prin- 
ciples of fire and water have ever been and still are the cause of the 
perpetual^cissi tudes to which the crust 6f the earth is liable. 

It has been ascertained by observation that the plutonic jocks, 
consisting of the granites and some of the porphyries^WM^fflfmed 
in the deep and fiery caverns of the earth, of melter^ which 

crystallized as it slowly cooled under enormous pressure, and was 
then heaved up in unstratified masses, by the elastic force of the 
internal heat, even to theVops of the highest mountains, or forced 
in a semi-fluid state into fissures of thq>superincumbent strata, some- 
times into the cracks of the previously formed granite ; for that 
rock, which constitutes the base of so large a portion of the earth’s 
crust, has not been all formed at once ; some portions bad been 
solid, while others were yet in a liquid, state. This class of rocks 
is completely destitute of fossil remains. 

pendulums, one afethe bottom of the Harton Coal Mine in Northumberland 
12 GO feet deep, and the "other on the surface of the eaith perpendiculaily 
above it. The oscillations wefre compared with an astronomical clock at each 
station, and the time was instantaneously transmitted from one to the other 
by a telegraphic wire. The oscillations were observed for more than 100 
hours consecutively, when it was found that the lower pendulum made two 
oscillations more in 24 hours than the upper one. The places of the pendulums 
were then reversed and the experiment repeated for the same length of time 
with the same result. The difference in the number of oscillations at the two 
stations Bhowed that gravitation at the bottom of the mine exceeded that at 
the surface by the part, and that the mean densit/bf the earth deduced 
therefrom was 6*565. ( 
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Although granite and the volcanic rocks are^oth due to the action 
of fire, their nature and position are very different ; granite, fused in 
the interior of the earth, has been probably cooled to a certain extent 
before coming to the surface : besides, it consists of few ingredients, 
so that it has nearly the same mineralogical character in all qp un- 
tries. But as the volcanic fire rises to the very surface of the earth, 
fusing whatever it meets with, volcanic rocks assume various forms, 
not only from the varied kinds of strata which are melted, but 
from the different conditions unde* which the liquid matter has 
been cooled — a circumstanoe that seems to have had the greatest* 
effect on its appeardhce and structure. Sometimes it 'assumes a 
crystalline granitic structure, at other times it becomes vitreous, or 
like glass ; in short, all those massive, unstratified,, and occasionally 
columnar rocks, as basalt, greenstone, certain porphyries, and pei- 
haps serpentine, are due to volcanic, aotipn, and are consequently 
devoid of fossil remains. * / 

There seems scarcely to have been any age of thp tforld in which 
volcanic eruptions have not taken place in some part of t£e globe. 
Lava has pierced through every description of rocks, spread over 
the surface of those existing at the Aime, filled their crevices, and 
flowed between their strSta. Ever changing As place of action, it 
ha* burst out. at the # bottom of the sea as* well as ^>n dry land. 

' Enormous quantities of scoriae and ashes have befjff^jected from 
numberless craters, and have* formed extensive deposits in the sea, 
in lakes, and on the land, in which are embedded the remains of the 
animals Snd vegetables of the epoch. Some of these deposits have 
become hard rock, others remain in a crumbling state ; and as they 
alternate with the aqueous strata of almost every period, they con- 
tain the fossils of all the geological epochs, chiefly fresh and salt 
water testaceae. 1 

, According to a theory now generally adopted, which originated 
with Arduino and Hutton, the rocks called metamorphic, which 
consist of gneiss, mica-schist, clay-slate, statuary marble, &c., were 
formed of the sediment <5f water in regular layers* differing in kind 
an<f colour ; but, having been deposited near the* place where plu- 
tonic rocks were generated, they have been changed by the heat 
transmitted from the fused* matter ; and*, in cooling under heavy 
pressure and at great depths, they hate become as highly crystal- 
lized as the granite itself, without losing their stratified form. An 
earthy stratum has sometimes been changed into a highly crystal- 
lized rock, to a considerable distance from the point of contact, by 
heat thus transmitted; and there are instances of dark-coloured 
limestone, full of fossil shells, that has been changed into statuary 


b 3 


1 Testacea*. or shell-fish. 
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marble from tbo same Cause. Such alterations may frequently be 
seen to a small extent on rocks adjacent to a stream of lava. 
There is seldom a trace of organic remains in the metamorphio 
rocks ; their strata are sometimes horizontal! but they are usually 
tilted at all angles to the horizon, an&Torin some of the highest 
mountains and most extensive table-lands on the face of the globe. 

Aqueous rocks are all stratified, being sedimentary deposits from 
water. They originate in the wear of the land by rain, streams, or 
the waves of the ocean. The*ddbris carried by running water are 
deposited* at th6 bottom of the seas and lakes, where they are 
consolidated, and then raised up by subterraneous forces, again to 
undergo the same process of destruction after a lapse of time. By 
the wasting away of the land the lower rocks are laid bare ; and, as 
the materials are deposited in different places according to their 
weight, the strata are. exceedingly varied, but consist chiefly of are* 
naceous or sandstone \rocks, composed of sand,<clay, and carbonate 
of lime. They institute three great geological divisions, which, in 
an ascending order, are the primary and secondary fossiliferous strata 
and the tertiary formations. 

The primary fossiliferous of Palaeozoic strata, the most ancient of 
all the sedimentary 1 rocks, consisting of limestones, sandstones, and 
shales, are entirely of marine origin, having,, been formed far from 
land at the**B&ttom of a very deep ocean ; consequently they con- 
tain the remains of marine animals only, and after the lapse of um» 
numbered ages even the ripple-marks of the waves are often dis- 
tinctly visile on the surface of some of their strata. The Palaeozoic 
rocks are subdivided into the Cambrian and the Lower and Upper 
Silurian, Devonian, and Carboniferous systems, each distinguished 
by their peculiar fossil remains! 

In the Cambrian rocks, upwards of 2CT,000 feet in the Longmynd 
district, no other organic remains are known except a rare zoophyte, 
a doubtful trilobite, and traces of sea-worms ; but the Silurian 
rocks abound in them more and more as the strata lie higher in 
the series. In tlie lower Silurian group are the remains of shells, 
almost all of extinct genera ; and the few that have any affinity to 
those alive are of extinct species. Crinoidea, or stone lilies, which 
had been fixed to the rocks like tulips on their stems, are coeval 
with some of the earliest inhabitants of the deep ; and the trilobite, 
a jointed creature of the ‘crab kind, with prominent eyes, are almost 
exclusively confined to the Silurian strata, hut the last traces of 
them are found in the Carboniferous limestone above. In the Upper 
Silurian group are abundance of marine shells of almost every order, 
together with crinoidea, vast quantities of corals, and some sea- 
weeds : several small and very peculiar fishes, of.extinct genera, 
but of a high organization, have been found in t^Thigfiest beds — 
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the only verfcebrated animals that have yet been discovered among 
the countless profusion 'Of the lower ordqrs of animals that are 
•entombed in the primary fossiliferous strata. The remains of one 
or more land-plants, in a very imperfect state, are said to have been 
found in the Silurian rocks of North America, which shows that 
there had been dry land with vegetation at that early period. 1 * * * * * * • The 
type of these plants, as well as the size of the shells and the 
quantity of the corallines, indicate that a uniformly warm tem- 
perature then prevailed over the globe. During the Silurian period 
an ocean covered the northern hemisphere, islands and lands of 
moderate size had begfcn to rise from beneath its waters, and # earfh- 
quakes, with volcanic eruptions from insular and submarine volca- 
noes, were frequent towards its close. 

The younger palaeozoic strata, which comprise a great geological 
period, and constitute a principal part^of.the high land of Europe, 
were deposited at the bottom of an ocean, lfye the primary, from 
the debris of all the others, carried down fry* water^ and still bear 
innumerable tokens of their marine origin. -Calcareous rocks are 
more abundant in these strata than in thc^ crystalline, probably 
because the carbonic aoid was then, as It stilus, driven off from the 
lower strata by internal hfat, and came to the ftirface as gas or in 
calcareous springs, which either rose in the sea and furnished ma- 
terials for shell-fush ana coral animals to build their hesitations and 
form coral reefs, or deposited their calcareous matter on the land 
in the form of rocks. 

The DStfonian or old Red Sandstone group, 8 in many places 10,000 
feet thick, consisting of strata of conglomerates, dark red’and other 
sandstones, marls, coralline limestones* &c., forms a link between 
the Silurian and Carboniferous rocks, # by a resemblance in their 
fossil remains. It has fossils peculiarly its own, whilst others are 
common to the strata both above and below it. There are various 
species of extinct fishes in this group, some of which were of 

gigantic size, others had strong bony shields on their heads, and 

• • 

1 According to Sir R, Murchison, the highest authority 9 upon this class of 
formations, no unequivocal terrestrial plants or vertebral animals (t. e. fishes) 
are known in jstrata older than the youngest Silurian, hr the Ludlow rocks, 
where the Silurian begin to pass into the Devonian beds, in which land-plants 

and fishes abound. - # 

8 The name of Devonian was given to the rocks of this group by Murchison 
and Sedgwick, because the calcareous strata of Devonshire contain fossils 

Which are unknown in the more arenaceous parts of the old Red Sandstone, 
and indicate an intermediate period between the Silurian and Carboniferous 

systems. The Devonian focks are represented on the Continent by the schistose 

fossiliferous rocks of the gorges of the Rhine, and in Russia by others con- 

taining the shells of Devonshire and the fossil fishes of the old Red Sandstone 

of Scotland.— Gee ^irchison’s Silurla, pp. 328*367. 
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ohe covered with osseous scales, had fins or appendages like wings. 
The sharks approach nearer to some of these ancient fishes, than 
any other now living. 1 * * 

During the long period of tranquillity that prevailed after the 
Dqyonian group was deposited, a very hot, moist, and extremely 
equaffte climate, which extended all over the globe, had clothed the 
Islands and lands in the ocean then covering the northern hemi- 
sphere with luxuriant tropical forests and jungles. Subsequent 
inroads of fresh water, or of the sea, or rather partial sinkings of 
the land, had submerged these forests and jungles, which being 
coverej.1 with layers of sand and mud, had in ( time been consolidated 
into one mass, and were then left dry by the retreat of the waters, 
or, more probably, raised above the surface by internal forces. 

These constitute the remarkable group of the Carboniferous sys- 
tem, which consists .of stsata^of limestones, shales, and sandstones, 
filled with a prodigious quantity of the remains of fossil land-plants 
intermixed with beds of coal, which is entirely composed of vege- 
table nfatter. ^n some cases the plants appear to have been carried 
down by floods, and d^osited in estuaries near the mouths of rivers ; 
but in most instances the b<feuty and delicacy of their impressions 
show that they hftd grown near to thd spot where the coal was 
forlned. hjore than .300 species of fossil plants hav t e been collected 
from the tfbfRta where they abound, frequently with their seeds and 
fruits, so that enough remains to show the peculiar nature, of this 
'flora, whose distinguishing feature is the preponderance of mono- 
cotylcdonous plants ; among these there were tree-ferns’ &f 40 and 
50 feet hi§h. There were also plants resembling fox-tail tribe 
(equisetum), of gigantic siz#, others like the tropical club mosses ; 
besides others, to which vte have nothing now living analogous. 
Coniferous trees of great magnitude, oof the pine and fir tribes, 
flourished at that period. The remains of an extinct araucaria, 
one of the largest of the pine family, have been found in the 
British coal-fields j the existing species now grow in countries of 
tlie southern hSmisphcre ; a few rare” instances occur of grasses, 
palms, and liliaceous plants. The botanical districts were very 
extensive when the coal-plants were growing, for some species are 
nearly identical throughout the coal-fields of Europe and America. 
’From the extent of the ocean, the insular configuration of the land, 
the profusion of ferns and fir-trees, and the warm, moist, and 

1 The old Red Sandstone of Scotland, where it is remarkably well developed, 

has been admirably illustrated in three works, by one of our most indus- 

trious and talented northern geologists, the late Mr.' Hugh Millar. See 4 Old 
•Red Sandstone,* the footprints of the Creator,* 1 rol. 12mo., 1850, and 

4 Testimony of the Rocks,* 1 vol. 12mo., 1857, published after the death of its 
lamented author. * 
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equable climate, the northern hemisphere, during; the formation of 
the coal strata, very probably bore a strong resemblance to that of 
the South* Pacific, with its.fem and fir clothed lands of New Zea- 
land, Kerguelen Land, &c. &c. 

The marine remains of the Carboniferous period are found chiegy 
in the mountain limestone, a rock which in some countries lief be- 
neath the coal-measures, or sometimes alternates with their shales 
and sandstones. They consist of crinoidea and marine testacese, 
among which the size of the chambered shells, as well as that of the 
corals, shows that the waters of the ocean were then very warm, even 
in the high northern latitudes. The footsteps of a vgry large reptile 
allied to the frog family have been found on some of the Carboniferous 
strata of North America. In many countries, as in Scotland, Russia, 
and Turkey, the coal beds are in the Carboniferous limestone. 

The coal strata have been very much # broJten, deranged, and 
dislocated in many places by earthquakes and igpcous eruptions, pro- 
ducing faults or dykes, and basaltic veins which frequently occurred 
also during the secondary fossiliferous period, and from time to time 
raised islands and land from the deep. The older rocks are more 
shattered by earthquakes than the newer, because the movement 
came from below ; but these convulsions have rtever extended all 
over the earth aJb the s^me*time : for example, the Silurian strata 
have been dislocated and disturbed in Britain, while, throughout a 
vast area in the south of Sweden and Russia they still retain a ho- 
rizontal position. There is no proof within the historical period that 
any entire Inountain-thain has ever been raised at once, although it 
is generally admitted by our soundest geologists that such fook place 
at remoter periods, and that by this meays the great mountain-chains 
of our globe have attained their present^xSsition : the contrary opinion, 
which has for its advocate *Sir C. Lyell, will only admit that the 
elevation has been produced by a long-continued and reiterated 
succession of internal convulsions with intervals of repose. In 
some rare instances the land has been raised up or sunk down 
by an equable motion continued for ages, while in bther places the 
surface of the earth has remained stationary for, long geological 
periods. 

The Permian system of Murchison comes immediately above the 
coal-measures, and consists of breccia? or conglomerates, gypsum, 
sandstones, marls, &c. ; its distinguishing* feature in England is 
a yellow limestone rock, containing a considerable proportion of 
carbonate of magnesia, which oftdn assumes a granular texture, 
under which form it is known as Magnesian Limestone or Dolomite. 
The Permian formation has a flora and fauna peculiar to itself, 
mingled with thpse of the coal strata. Here the remnant of an earlier 
creation gra&ualfy tends to its final extinction. The flora is to some 
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extent analogous to that in the coal strata bekrtr* Upwards of fifty 
species of fossil fishes are found in this formation, all belonging to 
genera known in the Carboniferous epoch ; and several saurian rep- 
tiles, 1 which Owen refers to a higher order than any in the subjacent 
strata, some even which may have lived upon dry land. 

the close of the Permian period all the palaeozoic animals dis- 
appeared, and an entirely new creation followed in the next series, 
called the Trias : consisting of red marls, rock-salt, and sandstones, 
wfiich have been produced by the disintegration of metamorphic 
slates and porphyritic rocks, and known as the trias or new red sand- 
stone formation ; the trias lies above the xn&gnesian limestone. In 
Engl&nd this formation is particularly rich in rock-salt, which, with 
beds of gypsum and marl, is sometimes 600 feet thick ; but the Mus- 
chelkalk, a peculiar kind of shelly limestohe, is wanting, whilst in 
Germany and on the southern declivity of the Alps, it is remarkable 
for the quantity of its organic remains. At this time creatures like 
frogs, of enormous dimensions, were frequent, as they have left their 
footsteps on frhat miist then have been a soft sea-beach. Nu- 
merous genera of fossil animals have been found in the trias in 
Germany, consisting of shells, cartilaginous fishes, encrinites, See., 
all distinct in species, and many in genera, from those of the sub- 
jacent magnesian limestone and also from those entombed in the 
strata abocfe* * 

During a long period of tranquillity the Oolitic or Jurassic group 
was next deposited in a sea of variable depth, and consists of 
sandstones, marls, clays, and limestones. At,this time theretiffda a 
complete 1 change in the aqueous deposits all over Eurcj^w* The 
red iron-stained arenaceous rocks, the black coal, andHilrk strata, 
were succeeded by light-hiuw clays, pale-yellow 'An-esictaes, and, 
lastly, white chalk. The water that deposited these Strata mtiat have 
been highly charged with carbonate of limey since few of the forma- 
tions of that period without caMHfous matter, and calcareous 
rocks were formed to a pjrodigioua extent throughout Europe: the 
Pyrenees, Alps, Apennines, and Balkan abound in them ; and the Jura 
mountains, which have given their name to the series, are chiefly 
formed of them. The Eusojsean ocean then teemed with animal life ; 
whole beds consisting almost entirely of marine shells and corals. 
Eelemnites and ammonites •from an inch in diameter to the size of 
a cart-wheel, are entombed by myriads in the strata ; whole forests 
of that beautiful Encrinite the stone-lily flourished on the surface 
of the oolite, then under the waters ; and the Pentacrinite, one of 
the same family, is imbedded in millions in the Lias, which occupies 
such extensive tracts in Europe* Fossil fishes are numerous in the 

* Saurian reptiles are crocodiles, lizards, iguanas, &c. 
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oolitic strata, but different from those of the carboniferous, penman, 
and triassic series. The newly-raised islands and lands were clothed 
with vegetation like that of the large islands of the intertropical 
archipelagos of the present day, which, though less rich than during 
the carboniferous period, still indicate a very moist and warm cli- 
mate. Ferns were less^ abundant ; they were associated with vari«n9 
genera and species of the cycade®, which had grown on the southern 
coast of England, and in other parts of northern Europe, as they 
now do with the cycas and zamia of the tropics. The pandanus, or 
screw-pine, the first tenant of new lands in ancient and modem times, 
belongs to a family found in a fossil state in the inferior oplite of 
England, which was but just rising from the deep at that time. Che 
species now flourishing grows only on the coasts of such coral islands 
in the Pacific as have recently emerged from the waves* 'In the upper 
strata of this group, however, the conferva # and monocotyledonous 
plants 1 become more rare — an indication <Sf a change of climate. 

The new lands that were scattered above the*6cean of. the oolitic 
period were drained by rivers, and inhabited by crocodiles andwother 
saurians of gigantic size, mostly 'of extinct genera. These crocodiles 
come nearest to living reptiles ; but th« others, though bearing a 
similitude in general structure to recent forms, were^uite anomalous, 
combining in one the structure of various distinct creatures, and 
so monstrous thai they hem at have been more like the visions of 
a troubled dream than things of real existence ; yet in organization 
a few of them came nearer to the type of living mammalia than any 
existing reptiles do. Some of these had lived in rivers, others in 
the ocean — some were inhabitants of the land, others weret amphi- 
bious;* and the several speciesjof one genus even had wings like a 
bat, and fed on insects. There wer^bbth herbivorous and pre- 
daceous saurians ; and from tl*eir size and strength they must haye 
been formidable enemies to their neighbours. Besides, the numbers 
deposited are so great, especially in the lias, a marine formation 
of clay and limestone, 'which forms the lowest portion of the oolitic 
series, that they must have *swarmed for ages in the estuaries and 
shallot seas of the period. They gradually diminished in number 
towards the end of the secondary fossiliferous epoch f but as a class 
they lived in all subsequent eras, and some, as thte crocodiles, still 
exist in tropical countries, although the species are very different 
from their ancient congeners. Tortoises of .various kinds — also a 
family that still exists — were contemporary with the saurians. In 
the Stonefield slate, a stratum of the oolitic group, there are the 
remains of insects, and the bones of four small quadrupeds have been 

1 Confervas are plants with nearly imperceptible fructification, found in 
ponds, damp places, and in the sea. Monocotyledonous plants are grasses, 
palms, &c., &c.*, so chlled from having only one seed-lobe. 
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found there belonging to the, marsupial tribe , 1 like the opossum — a 
Very remarkable circumstance, not only as being the most ancient 
Animal of the class of mammalia, but because that family of animals 
at the present ti&e is confined to Australia, the two Americas, as 
far north as Pennsylvania — and higher up in the oolitic series, in 
<th$ Purbeck beds of Dorsetshire, as many as fourteen species of pre- 
daceous and insectivorous mammalia, allied to the beautiful kan- 
garoo-rat of Australia. The great changes in animal life are indi- 
cations of the successive alterations that had taken place during 
this period on the earth's surface. 

. The. cretaceous strata follow the oolite in the ascending order, 
consisting of clays, green and iron sands, blue limestone* and chalk, 
probably formed of the debris of coral and shells, which predomi- 
nate so *mudh in England and other parts of Europe, that it has 
given the name and its peculiar feature to the whole group. It is, 
however, by no nfeanS universally distributed ; the chalk is wanting 
in many parts of the world where the other strata of this series 
prevail, and •then their connexion with the group can only be ascer- 
tained by the identity of their fossil remains. With the exception of 
some beds of coal in the oplitic series, the Wealden clay, the lowest 
of the cretaceou^ group in England, imthe only fresh-water forma- 
tion, and the tropical character of it% flora shows that the climate 
was still Very warfn. Plants allied to the zamias and cycadete of 
our tropical regions, many ferns and conifers of the genus araucaria, 
characterized its vegetation. It was inhabited by tortoises approach- 
ing to forms that now live in warm countries, and saurian reptiles 
of several different genera swarmed in the lakes and estuaries. This 
clay contains fresh-water shells and fish of the carp kind. * 

The cretaceous strata aboyc our Wealden clay are full of marine 
remains. There are vast tracts of sgnd in Northern Europe, and 
many veiy extensive tracts of chalk ; hut in the southern part of 
the Continent the cretaceous rocks assume a different mineralogical 
character. There and elsewhere extensive limestone rocks, filled with 
very peculiar shells, show that, Mien, the* cretaceous strata were 
forming, an ocean extended from the Atlantic into Asia,* which 
covered the South of Prance, all Southern Europe, part of Syria, 
the isles of the ^AEgean, Sea, the coasts of Thrace and the Troad. 
The remains of turtle's h$ve been found in the cretaceous group, 
quantities of coral, and abundance of shells of extinct species; 
some of the older kinds* still existed, new ones were introduced, and 
some of the most minute species of microscopic shells which con- 
stitute a large portion of the chalk, have great analogy with creatures 

t 

1 Marsupial animals have pouches in which their young take refuge and 'are 
nourished till they attain a certain development The opossum and kangaroo 
are marsupials. 
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now alive, the first approach to an identity of speoies in the ancient 
and moderb creation. An approximation to recent modes of dis- 
tribution is to he observed also in the arrangement of organized 
nature, since at this early period, and even * in the Silurian and 
oolitic epochs, the marine fauna was divided, as now, into distinct 
geographical provinces. The great saurians were on the decljpe, 
and many of them were found no more, but a gigantic creature, 
allied to the monitor and iguana , 1 lived at this period. From* the 
Trias to the chalk inclusive only two instances of fossil birds are 
cited, one in a chalk deposit in the Swiss Alps, and the other a 
kind of albatross in ^he chalk in England ; in North America, 
however^ foot-marks of a variety of birds have been founds the 
strata between the coal and lias, some of which are larger than 
those of the ostrich. • • 

It was formerly supposed that a great geological cycle had elapsed 
between the termination of the secondary fossiliferous strata and 
the beginning of the tertiary, but later researches, especially of 
Sir R. Murchison, have shown that the brealf was npt* so extensive 
as had been supposed, and that passages from the chaUc to the 
lower tertiary beds were by no means unfrequent along the southern 
declivity of the Alps thrqpgh the well?known beds of the nummu- 
litic series. With the tertiary, however, a rifcw order of things 
may be said to •commence, approaching morep closely ip the actual 
state of our globe. During the tertiary period tlfe*same causes 
under new ciicumstanccs produced an infinite variety in the order 
and nature of the strata, accompanied by a corresponding change 
in animal and vegetable lifo. The old creation, whicl^ had little 
in common with the existing order of things, had passed away, 
and given place to one more nearly* approaching to that which 
now prevails. Among the myriads of beings that inhabited the 
earth and the ocean during the secondary fossiliferous epoch scarcely 
one species is to be found in the tertiary. This break in the law of 
continuity is the more remarkable, as hitherto some of the newly- 
created animals were generally introduced before the older were 
extinguished. The circumstances and climate suited to the one 
became more and more unfit for the other, which consequently 
perished gradually, while their successors increq^ed.* 

The scries of rocks, from the granite to *the end of the secondary 
fossiliferous strata, taken as a whole,* constitute the solid crust of 
the globe, and in that sense are universally diffused over the earth’s 
surface. The tertiary strata for £he most part occupy the hollows 

1 The monitor and ; guana, creatures of the lizard tribe, still existing. 

8 A break in no degree less remarkable than that between the chalk and 
the tertiary strata, exists at the base of the secondary series, between the 
Permian an^the Triassic series. 



18 1 PHYSICAL GEOGRAPHY. Chap. I. 

formed in this crust, whether by subterraneous movements, by 
lakeg, or denudation by water as in the estuaries of rivers, and 
consequently occur in irregular tracts, often, however, of very great 
thickness and extent* 

The innumerable basins and hollows with which the continents 
and larger islands had been indented lor ages after the termination 
of thfc secondary series had sometimes been fresh-water lakes, and 
at other times inundated by the sea; consequently, the deposits 
which took place during these alternate changes contain the spoils 
of terrestrial and marine animals. The frequent intrusion of vo lca nic 
strata among the tertiary strata shows that, in Europe, the earth 
had bran in a very disturbed state, and that these repeated vicissi- 
tudes had been occasioned by elevations and depressions oAhe soil, 
as well as Ijy the action of water. 

There are three distinct groups in these strata : the lowest ter- 
tiary or Eocene group, oo palled by Sir Charles Lyell, because, 
among the myriads of fossil shell-fish which it contains, very few 
are identical W^h thaw; now living ; the Miocene, or middle group, 
has a greater number of the exuviae .of existing species of shells ; 
and the Pliocene, or upper tert iary gr oup, a still larger proportion. 
Though frequently heaved up to great elevations on the fianks of 
the mountain-chains, as, for example, in the Alps and Apen- 
nines, often c assuming a vertical stratifi&tion, a part of the tertiary 
strata maintdtt their original horizontal position in the places where 
they were deposited. Immense insulated deposits of this kind are 
to be met with all over the world ; Europe abounds with them, 
London, Paris, Rome, and Vienna stand on such strata, *and they 
cover immense tracts both in North and South America. 

The gigantic reptiles had ^mostly disappeared, and mammalia, of 
forms scarcely less anomalous, took possession of the earth, though 
approaching more nearly to animals nonliving. 

Numerous species of extinct animals that lived during the earliest 
or Eocene period have been found in various parts of the world, 
especially in the Paris basin, of the order of Pachyderroata, 1 to 
the greater number of which we have nothing analogous ; tjiey 
were mostly herbivorous quadrupeds, which had frequented the 
borders of the rivers and lakes that covered the greater part of 
Europe at that time. This is the more extraordinary, as existing 
animals most similar to them, the tapirs for instance, are confined 
to the tropical countries.* Thera creatures were widely diffused, and 
some of them were associated with genera still existing, though 
of totally different species ; such* as animals allied to the racoon 

1 Pachydermata, thick-skinned animals, as the rhinoceros, hog, elephant, 
tapir, and hippopotamus. 
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and dormouse, the ox, hear, deer, the fox, the dog, dec., &c. 
Although these quadrupeds differ from tfcosef of the present day, 
the same proportion existed then as new between the carnivorous 
and herbivorous genera. Remains of marine mammalia 1 * of this 
period have also been found, sometimes at great elevations above 
the sea, all of extinct species; some of these ’ cetacea were £f 
huge size. This marvellous change in the creative power %ts 
not confined to the earth and the ocean; the air also was now 
occupied by many extinct races of birds allied to the owl, buzzard, 
quail, curlew, &c. The climate must still have been warmer 
than at present, from the remains of land and sea plants allied 
to those now growing in equatorial latitudes. Even in Enelan’d 
bones of the opossum, monkey, crocodile, and boa have been disco- 
vered, animals of warmer latitudes, besides a sword .and, saw fish, 
both genera at present foreign to the British seas. 

During the Miocene period new axuphityous quadrupeds were 
associated with the old, of which the Deinotherium is the most 
remarkable and one of the largest of the majnmalia # yet found, of 4 
a singular form, and surpassing the elephant in size. * 

The Palseotherium belonged to this period, and also the huge 
Mastodon. Various families, and even genera, of quadrupeds now 
existing were associated with these extraordinary cofeatures, though of 
extinct species, such as the elephant, rhinoceros, hippopotqjnus, tapir, 
horse, bear, wolf, hysena, weasel, beaver, ox, buffalo, deer/&c. ; and 
also maiine mammalia, as seals, dolphins, walruses, and lamantins. 
Indeed, in tjie constant increase of animal life manifested throughout 
the whole of the tertiary strata, the forms approach nearer to the 
living ones as their remains lie high in the series. # 

In the older Pliocene period some of the large amphibious quad- 
rupeds, and other genera of mamfhali^ of the earlier tertiary 
periods, cease to appear ; bift there we find the mastodon, and the 
Elephas primigenius or maT^rp nj-h, some species of which, of pro- 
digious size, were associated with numerous quadrupeds of existing I 
genera, but lost species. Extinct species of many of the quadrupeds 
now Jiving inhabited the earth at that time ; their bones have been 
discovered in caverns, enveloped in calcareous brecqja or embedded 
in most of the strata of the epoch— as the hippopotamus, rhinoceros, 
elephant, horse, bear, wolf, water-rat, Hyaena, tiger, and several 
birds. It is remarkable, that in Australia the fossil bones all belong 
to gigantic species of genera, of kangaroos and wombats, animals of 
the marsupial family, which are so peculiarly the inhabitants of 
that country at the present day, the newer Pliocene strata show 

1 Marine mammalia, which suckle their young like land animals, are seals 

walruses, whales, porpoises, &c. 
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the,, same analogy existed between, the extinct and recent 
if aqtonttfia of South America, which, like their living congeners, as 
w as we know, belonged to that continent alone ; for the fossil 
regains, quite different from those in the old world, are of animals of 
the same families with the sloths, ant-eaters, and armadilloes which 
ngw inhabit that country, hut of vastly superior size. In fact, them 
weft giants in the land in those days. Were change of speeies 
possible, one might almost fancy that these countries had escaped 
the wreck of time, and that their inhabitants had frined and 
dwindled under the change of circumstances. The megatherium and 
Equus * curvidens, or extinct hgrse, had so vast a range in America, 
that while Sir Charles Lyell collected their bones in Georgia in 
33° N. latitude, Mr. Darwin brought them from the corresponding 
latitude iq South America. The Equus curvidens differed as much 
from the living horse as the quagga or zebra does, and the fossil 
horse found in Europe is*alsp probably a distinct and lost species. 

A comparison of the fossil remains] with the living forms has 
'shown the analogy o^ween these beings of the ancient world and 
those that now people the earth ; aqd the greatest triumph of the 
naturalist is the certainty with which he can decide upon the nature 
of animals that nave been*extinct for thousands of years, from a 
few hones entombed on the earth’s surface. C uvie r will ever be 
celebrated % as the founder of this branhh qf comparative anatomy, 
which Prbfessor Owen, in our own country, and following in his 
steps, has so much extended. Among many other important disco- 
veries, he has found, by microscopic observation, that the structure 
I of the tissue of which teeth are formed is different in different classes 
I of animats, and that the species can in many instances he determined 
from the fragment of a tooth. A small portion of a bone enabled 
him to decide on the nature of *the extinct race of gigantic birds which 
formerly inhabited New Zealand, and «fche subsequent discoveiy of 
the entire skeleton confirmed the accuracy of this determination. 

The greater part of the continents in the northern hemisphere was 
elevated above the deep during the tertiary period, and such lands 
as already existed acquired additional* height ; consequently the 
climate, which, had previously been tropical, became giadually 
colder, for an increase of land, which raises the temperature be- 
tween the tropics) has 'exactly the contrary effeot in higher lati- 
tudes. To this cause may be attributed perhaps the greater degree 
of cold that appears to have prevailed during the latter part of the 
Pliocene period, when a large extent of the European continent was 
covered by an ocean full of floating ice, not unlike that seen at this 
day off the north-eastern coast of America. 1 

1 If a line be drawn from the north-eastern coast of North America within 
the limit of floating ice, and if it be continued acioss the southern half of 
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During the latter part of the Pliocene jperiod, kowever, the bed of 
that glacial ocean rose partially, and after many vicissitudes the 
European continent assumed nearly its present form. There is 
every reason to believe that the glacial sea extended also over 
ghost portions of the arctic lands of Asia and America. Old forms 
^WpMBal and vegetable life were destroyed by these alterations jp 
the surface of the earth, and the consequent change of tempera- 
ture ; and when, in the progress of the Pliocene period, the moun- 
tain-tops appeared as islands above the water, they were clothed 
with the flora and peopled by the animals they still retain ; and 
new forms were added |s the land rose and became dry and fitted 
to receive ^nd maintain the races of animals now alive, all of which 
had possession of the earth for ages prior to the historical or human 
period. Borne of the extinct animals had long resisted .the great 
vicissitudes of the times ; of these the species of Elephant, whose 
remains are found all over Europe, Asia, %nd America, but espe- 
cially in the frozen soil of Siberia, alone outlive^ its associates, the 
last remnant of a former world. In two or three instances this 
animal has been discovered entire, entombed in frozen mud, with its 
hair and flesh so fresh that wolves and dogs fed upon it. The 
globe of the eye of one fqund by M. ffliddendorf at Tas, between 
the rivers Oby and Jenesei, was so perfect that if is now preserved 
in the museum tit Moscow* It has been supposed that, as the 
Siberian rivers flow for hundreds of miles fromjhe southern part of 
the country to the Arctic Ocean, these elephants might have been 
drowned b^ floods while browsing in the milder regions, and that 
their bodies were carried down by the rivers and embedded in mud, 
and frozen before they had time to decay. Mr. Darwin has sug- 
gested that, if the climate of Siberia has pt any time been similar to 
that of the high latitudes of South America, where the line of per- 
petual snow in the Andes, and its sudden flexure in Southern Chile, 
come close to a nearly tropical vegetation, such a vegetation may 
have prevailed south of the frozen regions in Siberia. On the other 
hand, although the living species of this animal are now inhabitants 
of th§ torrid zone, they may have been able to endure the cold of a 
Siberian winter ; for Cuvier has shown that the fossil differed as pmch 
from the living elephant as the horse does from 1}ie ass. Mr. Dar- 
win supposes that the supply of food in ’summer was probably 
sufficient, since the quantity requisite for the maintenance of the 
larger animals is by no means in proportion to their bulk ; or these 

Ireland and England, and prolonged eastward so as to strike against the Ural 
mountains, it will mark the boundary of the European portion of the Glacial 
Sea. It submerged part of Russia to the depth of 1000 feet. — Essay on the 
British Fauna and Flora, by Professor E. Forbes, in the * Memoirs of the 
Geological Susvey of Great Britain,’ vol. i. 
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elephants may have migrated to a more genial climate in the colder 
months. 

Shell-fish seem to have been more able to endure all the great 
geological changes than any of their organic associates, but they 
show a constant approximation to modern forms during the pro- 
gress of the tertiary period. The whole of these strata contain 
enormous quantities of shells of extinct species ; in the oldest, three 
and a half per cent, of the shells are identical with species now 
existing, while in the uppermost strata of this great geological period 
there are not less than from eighty to ninety-five in a hundred 
identical with those now living in the surrounding seas. 1 * * * * * * 

Oi all the fossil fishes, from the uppermost Silurian strata to the 
end of the tertiary, scarcely one is specifically the same with living 
forms. In the Eocene strata one-third belong to extinct genera. 

Under the vegetable mould in every country there is a mass of 
loose sand, gravel, tod 1 ' mad, called alluvium, lying upon the sub- 
jacent rocks, often <pf great thickness, which in the high latitudes 
of North America and Europe is mixed with enormous fragments 
of rock, sometimes angular, and sometimes rounded and water- 
worn, which have been transported hundreds of miles from their 
origin. It is known as the Boulder formation, or Northern 
Drift : from the identity of its rolled masses with the rocks of 
the northern moutitains, they evidently have bfeen derived from 
them, and their -size becomes less as the distance increases. In 
Bussia there are blocks of great magnitude that have been carried 
800 and even 1000 miles in a south-eastern direction from their 
origin in the Scandinavian range. There is reason to believe that 
such masses, enormous as they are, have been transported by 
icebergs, and deposited wh£n the northern parts of the continents 
were covered by the glacial sea, by which part of Bussia was sub- 
merged to the depth of at least 1000 feet. The same *process is now 
4n progress in the high southern latitudes, where icebergs have been 
met covered with fragments of rock and boulders. 8 

The last manifestation v of creative power, with few exceptions, 
differs specifically from all that preceded it ; the recent strata con- 
tain pnly the exuviae of animals now living, often mixed with the 
works of man. <» 

The solid earth thus 'tells us of mountains washed down into the 

1 According to Sir C. Lyell, the Pliocene deposits of England (the Norwich, 

Red, and Coralline Crags) contain respectively, and in the descending order, 

85, 57, and 51 per cent, of species still living, most of which belong to the 

British seas. 

* Sir James Ross and Captain Wilkes fell in with icebergs covered with 

mud and atones in the antarctic seas, even in 66° 5' lat. One block seen by 

Sir James Ross was estimated to weigh many tons. — Antarctic f Voyages, 
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sea with their forests and inhabitants ; of lands raised from the 
bottom of the ocean, loaded with the accumulated spoils of cen- 
turies ; of torrents of water and torrents of fire. In the ordinances 
of the heavens no voice declares a beginning, no sign points to an 
end ; in the bosom of the earth, however, the dawn of life appears, 
the time is obscurely marked when first living things moved in JJie 
waters, when the first plants clothed the land. There we seelhat 
during ages of tranquillity the solid rock was forming at the bottom 
of the ocean, that during ages it was tossed and riven by fire and 
earthquake. What years must have gone by since that ocean 
flowed which has left # its ripple-marks on the sand, now *a solid 
mass on the mountain — since those unknown creatures left* their 
foot-prints on the shore, now fixed by time on the rock for ever ! 
— time, which man measures by days and years, nature, measures 
by thousands of centuries. 

The thickness of the fossiliferous stoat rf from their first appear- 
ance to the end of the tertiary formation has been estimated at 
from seven to eight miles ; so that the time requisite for their 
deposition must have been immense. Every river carries down 
mud, sand, or gravel, to the sea : thejjanges and Brahmapoutra 
united bring more than # 4,566, OOO^cubic feet of solid matter 
every hour into the Bay of Bengal, the Yellofv River in China 
2, 000,000, 1 and* the Mississippi 422,680; yet, notwithstanding 
these gieat deposits, the Italian hydrographer Manfredi has esti- 
mated that, if the sediment of all the rivers on the globe were 
spread equally over the bottom of the ocean, it would require 
1000 years to raise its bed one foot ; so that at that rate # it would 
require 3,960,000 years to raise the bed of the ocean alone to 
a height nearly equal to the thickness *of the fossiliferous strata, 
or seven miles and a half, not taking account of the waste of the 
coasts by the sea itself : but if the whole globe be considered, 
instead of the bottom of the sea only, the time would be nearly 
four times as great, even supposing as much alluvium to be de- 
posited uniformly both with regard to time and jfiace, which it 
neves is. Besides, in various places the strata have been more 
than once carried to the bottom of the ocean, and again raised^bove 
its surface by subterranean fires after many ages* so that the whole 
period from the beginning of these primafy fossiliferous strata to 
the present day must be great beyond ‘calculation, and only bears 

1 Account of the Ganges and Brahmapootra, by Major Rennell. — * Phil. 
Trans./ 1781. Sir George Staunton's ‘Embassy to China/ ‘Elie de Beau- 
mont, Legons de Gtfologie/ 1 vol. 8vo. The latter work contains a very 
elabomte essay on alluvial deposits by rivers, &c. Sir C. Lyell on the Deposits 
at the Delta of the Mississippi, in his Principles of Geology, and Second Visit 
to the United {Jtates. 
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*difa the astronomical cycles, as might naturally be 
&dh Wing without doubt of tlje same antiquity with 
tWother todies of the solar system. What then shall we say if 
thfc time be included which the granitic, metamorphic, and recent 
series occupied in forming ? These great periods of time correspond 
wonderfully with the gradual increase of animal life and the suc- 
cessive creation and extinction of numberless orders of being, and 
with the incredible quantity of Organic remains buried in the crust 
of the earth in every country on the foce of the globe. 

Every great geological change in the nature of the strata was 
accompanied by the introduction of a new race of beings, and the 
gradual extinction of those previously existing, their structure and 
habits being no longer fitted for the altered circumstanced in which 
these changes had placed them. These changes, however, were 
never abrupt ; and it may be observed that there is no proof of 
progressive developments of .species by generation from a low to a 
higher organization, for animals and plants of high organization 
appeared aftiqng 4 th\ earliest of their kind, yet throughout the 
whole # the gradual approach to exiting and more perfect forms is 
undoubted, not 'by the conversion of one species into another but 
by increasing similarity of type. 

The geographic&l distribution of animated beidgs was much more 
extensive ip the ancient seas and land than in later times. In very 
remote ages* the same animal inhabited very distant parts of 
the sea; the corallines built from the equator to within ten or 
fifteen degrees of the poles ; and previous to the formation of the 
carboniferous strata there appears to have been even a greater 
uniformity in the vegetable than in the animal world, though 
Australia had formed even then a peculiar district, supposing the 
coal in that country to fce of the same age as in Europe and 
America ; but as the strata became nfioro varied, species were less 
widely diffused. Some of the saurians were inhabitants of both the 
Old and New World, while others lived in the latter only. During 
the tertiary period the animals of Australia and America differed 
nearly as much from those of Europe ‘as they do at the present 
day. The glob? was then, as it is now, divided into great physical 
regions, each inhabited by peculiar races of animals ; and ci cn the 
different species of mollusba of the same sea were confined to certain 
localities. Of more than 400 species of the latter which inhabited 
the Atlantic Ocean during the early and middle parts of the tertiary 
period, little more than a fortieth part wore common to the Ame- 
rican and European coasts. In tact, the divisions of the animal and 
vegetable creation into geographical districts had been in the latter 
period^pptemporaneous with the rise of the land, each portion of 
which, as it rose above the deep, had been clothed with a vegetation 
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and peopled with creatures suited to its position with regard to the 
equator, and to the existing circumstances of the globe; and the 
marine creatures had, no doubt, been divided into districts at the 
same periods, because the bed of the ocean had been subject to 
similar changes. 

The quantity of fossil remains is so great that, with the e*C?p- 
tion of the metals and some of the primary rocks, probably not a 
particle of matter exists on the surface of the earth that has not at 
some time formed part of a living creature. Since the commence- 
ment of animated existence, zoophytes have built coral reefs extend- 
ing hundreds of miles, and mountains of limestone are full-of their 
remains q}l over the globe. Mipgs of shells are worked in ‘some 
countries to make lime ; ranges of hills and rocks, many hundred 
feet thick, are almost entirely composed of them, and they abound 
in every mountain-chain throughout the. earth. The prodigious 
quantity of microscopic shells discovered by M. Ehrenl>erg is still 
more astonishing ; some not larger than a grain* of sand*forfti plains 
at the bottom of the ocean and entire mountains above its surface ; 
a great portion of the hills of San Casciano, and of other tertiary 
districts, in Tuscany, consist of chambered shells so minute that 
Soldani collected 1() 454 fr<*n one ounce of stone# Chalk is often 
almost entirely composed of .them. Tripoli, a jine powder long in 
use for polishing metals, Is also almost entirely composed Of minute 
animal remains which owe their polishing property to their silicions] 
coverings ; there are hills of great extent consisting of tin’s substance, | 
the debris oS an infinite variety of microscopic animals. 

The facility with which many clays and slates are split fb owing, 
in some instances, to layers of minute shells. Fossil fishes are found 
in all parts of the world, and in all the f&ssiliferous strata with the 
exception of some of the lowest, but each' great geological period 
had species peculiar to itself. 

The remains of the great saurians are innumerable ; those of ex- 
tinct quadrupeds are very numerous ; hut there is no circumstance 
in the whole science of. Palaeontology more remarkable than the 
multitudes of fossil elephants that are found in Siberia. Their tusks 
have Ifccn an object of traffic in ivory for centuries, and in ^Bme 
places they have been in such prodigious quaptitieS that the ground 
is tainted with the smell of animal matter. Their huge skeletons 
are found from the frontier of Europe through all Northern Asia to 
its extreme eastern point, and from the foot of the Altai Mountains 
to the shores of the Frozen Ocean, a«surface equal in extent to the 
whole of Europe. Some islands in the Arctic Sea, as, for instance, 
in the Lachow group, are chiefly composed of their remains, mixed 
with the bones 6f various other animals of extinct species. 1 

1 Lieut. Anjou's Polar Voyage. 
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Equally wonderful is the quantity of fossil plants that still 
remain, if it be considered that, from the frail nature of many 
vegetable substances, multitudes must have perished without leav* 
ing a trace behind. The vegetation that covered $he terrestrial part 
of the globe previous to the formation of the carboniferous strata 
h$*>far surpassed in exuberance the rankest tropical jungles at the 
present day. There are many coal-fields of great extent in various 
parts of the earth, especially in North America, where that of Pitts- 
burg occupies an area of about 14,000 square miles, and that in the 
State of Illinois is not much inferior, to the area of all England. 

• As coal is entirely a vegetable substance, some idea may be 
formSd of the richness of the ancient flora ; in later tidies it was 
less exuberant, and never has again been so luxuriant, probably on 
account of the decrease of temperature during the deposition of the 
tertiary strata, and in fhe glacial period which immediately pre- 
ceded the creation* of* the ^present tribes of plants and animals. 
Even after their introduction the temperature must have been very 
low, but by subsequent changes in the distribution of the sea and 
land the cold was gradually mitigated, till at last the climate of 
the northern hemisphere became what it now is. 

Such is the marvellous history laid open to us on the earth’s 
surface. Surely it is not the heaven^ only that declare the glory 
of God— «the € earth also proclaims His handiwork H 

1 The author's geological information rests on the authority of those dis- 
tinguished authors whose works are in the hands of every scientific reader, 
namely, Cuvier, Sir Roderick Murchison, Sir Henry de la Beche, Sir Charles 
byell, Professor Owen, M. Elie de Beaumont, Professor Edward Forbes, and 
from the Publications of the Geological Societies of London and Paris, &c. &c. 
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Direction of the Forces that raised the Continents Pi-oportion of Land and 
Water — Size of the Continents and Islands — Outline of the Liuid — 
Extent" of Coasts, and proportion they bear to the- Areas of the.Continents 
— Eleyation of the Continents — Forms of Mountains — DirectioS of the 
Chains of Mountains — Connexion between Physical Geography of Countries 
and their Geological Structure — Contemporaneous UpHeavdl of parallel 
Mountain Chains — Mr. Hopkins's Theory of Fissures — Parallel Chains 
similar in structure — Interruptions in Continents ftnd Mountain Chains — 
Form of the Great Continent — The High Lands of the Great Continent — 
The Atlas, Spanish, French, and German Mountains — Uhe Alps^ Balkan, 
and Apennines — Glaciers — Geological Notice. 

At the end of the tertiary period the«earth was much in the same 
state as it is at present wfth regard to the distribution of land and 
water.. The preponderance of land in the .northern^ hemisphere 
indicates a prodigious accumulation of internal energy imder these 
latitudes at a very remote geological period. The forces that raised 
the two great continents above the deep, when viewed on a wide 
scale, must evidently have acted at right angles to one another, 
nearly parallel to the equator in the old continent, and in the 
direction of the meridian in the new,; yet the structure of the 
opposite, coasts of the Atlantic points fit some connexion between 
the two. • 

. The mountains, from their rude and shattered condition, bear 
testimony to repeated violent convulsions similar to modern earth- 
quakes; while the high table-lands, and that succession of ter- 
races by which the continents sink down from ^heir mountain* 
ranges to the plains, to the ocean, and even bqjow it, indicate 
also that the land must have been heaved ujp occasionally by 
. slow and gentle pressure, such , as appears now to he gradually 
elevating the coast of Scandinavia and other parts of the earth. 
The periods in which these majestic operations were effected must 
have been incalculable, since the dry land occupies an area of nearly 
38,000,000 of square miles. . • 

The ocean covers nearly three-fourths of the surface of the globe, 
but its distribution is very unequal, whether it be considered with 
regard to the northern and southern hemispheres* or the eastern 
and western/ Independently of Victoria Land in the Arctic regions, 

c 2 
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whose extent is unknown, the quantity of land in the northern 
hemisphere is three times greater than in the southern. In the latter 
it occupies only one-sixteenth of the space between the Antarctic 
Circle and the thirteenth parallel of south latitude, while between 
the corresponding parallels in the northern hemisphere the extent of 
land^and water is nearly equal. If the globe be divided into two 
hemispheres by a meridian passing through the island of Teneriffe, 
the land will be found to predominate greatly on the eastern side of 
that line, and the water on the western. In consequence of the 
a ery unequal arrangement of the solid and liquid portions of the 
surface of the earth, England is nearly in thfe centre of the greatest 
mass of land, and its antipodes, the islands of New Zealand, are in 
the centre., of the greatest mass of water ; so that a person raised 
above Falmouth, which is almost the central point, till he could 
embrace in liis vision a complete hemisphere, would see the greatest 
possible expanse of land, while, were he elevated to the same height 
above New Zealand, he would descry the greatest possible extent 
of ocean. 1 In fact, only one twenty-seventh of the land has land 
directly opposite to it in the opjjosite hemisphere, and under the 
equator five-sixths of the circumference of the globe is water. It 
must however be observed that there is fetill an unexplored region 
within the Antarctic .circle more than t,vice the sizp of Europe, and 
although tlier <2 is reason to believe that the North Polar basin is an 
open sea, it has not been navigated. With regard to the land alone, 
the old continent has an area of about 24,000,000 square miles, 
while the extent of America is 11,000,000, and that o'! Australia 
with its islands scarcely 3,000,000. Africa is more than three 
times the size of Europe, apd Asia is more than four times as large. 
The extent of the continents is twenty-three times greater than that 
of all the islands taken together* 

The north polar lands are now well known to a high latitude.' 
Greenland, the domain of perpetual snow, is probably an immense 
island ; and the recent discovery of so oxtensive a mass of high 
volcanic land near the south pole is an important event in the history 
of physical science, though the stem severity of the climate # rnust 
for ever render it unfit for the abode of animated beings, or even 
for the support of vegetable life. It seems to form a counterpoise 

t 

1 M. Gay Lussac, at the height of four miles and a quarter, must have 
seen 1 0,857 square miles o'f the earth's surface from his balloon. Mr. Green, 
who ascended to the height of five miles, must have embraced 13,154 square 
miles of the globe, the greatest extent viewed by man. 

* The proportions of land to water referred to in the text were estimated by 
Mr. Gardner. According to his computation, the extent of land is about 
37,673,000 ’square Biitish miles, independently of Victoria Continent; and 
the sea occupies “1 10,849,000. Hence the land is to the sea as 1 to 4 
nearly. fc . 
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to the preponderance of dry land in the northern hemisphere. There 
is something sublime in the contemplation of these lofty and unap- 
proachable regions — the awful realm of cver-during ice and per- 
petual fire, whose year consists of one day and one night. The 
strange and terrible symmetry in the nature of the lands within the 
polar circles, whose limits are to us a blank, where the antagonist 
principles of cold and heat meet in their utmost intensity, fiJirthe 
mind with that awe which arises from the idea of the unknown 
and the indefinite. 

The tendenoy of the land to assume a peninsular form is very 
remarkable, and it is still more so that almost all the peninsulas 
tend to the south — circumstances that depend on some, unknown 
cause which seems to have acted very extensively. Th^ conti- 
nents of South America, Africa, and Greenland are |>eninsulas on a 
gigantic scale, all directed to the south ; the peninsula df India, the 
Indo-Chinese peninsula, those of Corea* Kamtchatka, of Florida, 
California, and Aliaska, in North America" as well as the European 
peninsulas of Norway and Sweden, Spain and Portugal,* Italy and 
Greece, oltibfrd the same direction. All the latter 9 havc abounded 
form except Italy, whereas most of the others terminate sharply, 
especially the continents of South America and Africa, India and 
Greenland, which have t&e pointed form of wedges ; while some are 
long and narrow, as California, Aliaska, and Malacca. Many of 
the peninsulas have an island or group of islands at extremity, 
as South America, which is terminated by the group of Tierra del 
Fuego ; India has Ceylon ; Malacca has Sumatra and Banca ; the 
southern Extremity of New Holland ends in Tasmania or Van Die- 
men’s Land ; a chain of islands runs from the end of th« peninsula 
of Aliaska ; Greenland has a group oHslands at its extremity ; and 
Sicily lies close to the southern termination of Italy. It has been 
observed, as another peculiarity in the structure of peninsulas, that 
they generally terminate boldly, in bluflfs, promontories, or moun- 
tains, which are often the last portions of the continental chains. 
South America terminates in Cape Horn, a high promontory, which 
is the visible termination of the Andes ; Africa with the Cape of 
Good Hope ; India with Cape Comorin, the last of the Ghauts : Aus- 
tralia ends with the South-East Cape in Tasmania*; and Greenland’s 
extreme southern point is the elevated bluff of Cape Farewell. 1 

There is a strong analogy between dSouth America and Africa in 
form and the unbroken mass which their surface presents, while 
North America resembles Europe in being much indented by inland 

• 

1 This very general view of the structure of the globe originated chiefly 
with the celebrated German geologist VonBuch, and has been much extended 
and developed by M. Elie de Beaumbnl, "Uiw-of the most philosophical of 
modem geologists. 
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seas, ghlf#, mA baya. Eastern Asia is evidently continued in a 
subaqueous continent <rom the Indian Ocean across the Pacific 
nearly to the west coast of America, of which Australia, the Indian 
Archipelago, the islands of the Asiatic coast and of Oceania, are 
the great table -lands and summits of its mountain-chains. With 
the exception of a vast peninsula in Siberia, between the mouths of 
the fivers Yenesei and Khatanga and the unknown regions of Green- 
land, the two great continents terminate in a very broken line to the 
north ; and as they sink beneath the Icy Ocean, the tops of their 
high lands and mountains rise above the waves, and stud the coast 
with innumerable snow-dad rocks and islands. The 70th parallel 
is the average latitude of these northern shordfe, which have a great 
similarfty on each side of Behring Strait in form, direction, and in 
the adjacent islands. 

The peninsular form of the continents adds greatly to the extent 
of their coasts, of such importance to civilization and commerce. 
All the shores of Europe are deeply indented and penetrated by the 
Atlantic Ofeean, which has formed a number of inland seas of great 
magnitude, so that it has a greater line of maritime coast, compared 
with its size, than any other quarter of the world. The extent of 
coast from the Strait of Waigatz, in the Polar Ocean, to the Strait 
of Gafia, at the entrance of the Sea of Az&f, is about 17,000 miles. 

» The -coast of Asia ha# been much worn by currents, and possibly 
also by thcf action of the ocean occasioned by the rotation of the 
earth .from west to east. On the south and east especially it is in- 
dented by large seas, bays, and gulfs ; and the eastern shores ar<^ 
rugged and encompassed by chains of islands which render navi- 
gation daif^erous. Its maritime coast is about 33,000 miles in 
extent. r 

The coast of Africa, 16,000® miles long, is very little broken, 
except perhaps at the Gulf of Guinea and in the Mediterranean. 
The shores of North America have probably been much altered by 
the equatorial current and the Gulf-stream. It is probable that 
these currents, combined with volcanic action, have hollowed out 
the Gulf of Mexito, and separated the Antilles and Bahama Islands 
from the continent The west coast of North America is less broken, 
but on the Icy Ocean it consists of a labyrinth of gulfs, bays, and 
creeks. The shores 1 of South America on both sides are very entire, 
except towards Southern Chile and Cape Horn, where the tremend- 
ous surge and currents of the Ocean in those high latitudes have 
eaten into the land, and produced endless sounds and fiords which 
run far into the interior. The whole continent of America has a 
sea-coast of 31,000 miles in extent. Thus it appears that the ratio 
of the number of linear miles in the coast-line to the number of 
square miles in the extent of surface, in each of these great portions 
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of the globe, id 164 for Europe, 376 for Asia, 630 for Africa, and | 
359 for America. Hence the proportion is most favourable to Eu- I 
rope, with regard to civilization and commerce; America comes 
next, then Asia, and last of all Africa, which has every natural 
obstacle to contend with, from the extent and nature of its coasts, 
the desert character of the interior of the continent, and the insa- 
lubrity of its climate, on the Atlantic coast at least. 

The continents had been raised from the deep by a powerful effort 
of the internal forces acting under widely extended regions ; and the 
stratified crust of the earth either remained level, rose in undula- 
tions, or sank into cavities, according to its intensity. Some* thinner 
portion of the earth’s surface, giving way to the internal forces, had 
been rent into deep fissures ; and the mountain masses had been 
raised by violent concussions, perceptible, in the conyulsed state of 
their strata. The centres of maximum energy are marked by the 
plutonic rocks, 1 which generally form # the. nupleus or axis of the 
mountain masses, on whose flanks the stratified rocks arc tilted at 
all angles to the horizon, whence, declining on every^sirie, ^hey sink 
to various depths, or stretch to various distances in tie* plains. 
Enormous as the mountain-chains and table-lands arc, and pro- 
digious as the forces that elevated them, they bear a very small 
proportion to the mass of the level continents and to the vast power 
which raised them ever^ to •their inferior altitude. Both the high 
and the low lands have been elevated at successive peric&S ; some of 
the very highest mountain-chains are of but recent geological date, 
and some chains that are now far inland once stood up as islands 
above the ocean, whilo marine strata filled their cavities and formed 
round their bases. 

Notwithstanding the various circumstances of their elevation, 
there is everywhere a certain regularity *of form in mountain masses, 
however uusymmetrical they may appear at first sight ; ind rocks of 
the same kind have identical characters in every quarter of the globe. 
Plants and animals vary with climate, but a granite mountain has 
the same peculiarities in the southern as in the northern hemi- 
sphere, at the equator as dear the poles. Insulated mountains are 
rare, and are generally of volcanic origin. Mountains generally 
appear in groups intersected by valleys in every direction, and 
more frequently in extensive chains symmetrically arranged in a 
series of parallel ridges, separated bymarrow longitudinal valleys, 
the highest and most nigged of which occupy the centre :* when 

1 Plutonic rocks are granite and others which owe their origin to fire, or 
igneous action. 

" * According to M. Elie de Beaumont, every system of mountains occupies n 

portion of a great circle of the globe, the cleft being more easily made in that, 
than in any other direction, and he shows that the mountain chains of the same 
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t^e chain Is broad, and of the first order in point of magnitude, 
peak after peak rises ia endleSS succession. The lateral ridges and 
taReys are constantly of less elevation, and are less bold, in propor- 
‘tidn to their distance from the central mass, till at last the most re- 
mote ridges sink down into gentle undulations. Extensive and lofty 
branches diverge from the principal chains at various angles, and 
stftich far into the plains. They are often as high as the chains 
from which they spring, and it happens not unfrequently that these 
branches are united by transverse ridges, so that the country is often 
widely covered by a net-work of mountains ; and at the point where 
these offsets diverge, there is frequently a knot of mountains spread- 
ing over .hundreds of square miles. 0 

i On? side of a mountain-range is usually more precipitous than 
Hhe other, but there is nothing in which the imagination misleads 
the judgment more than in estimating the steepness of a declivity. 
In the whole range of the Alps there is not a single rock which has 
1600 feet of perpendicular height, or a vertical slope of 90°. The 
declivity^of Mont Blanc towards the Allde Blanche, precipitous as 
it appears to be, does not amount to 45° ; and the mean inclination 
of the Peak of Teneriffe, according to Humboldt, is only 12° 30'. 
The Silla of Caraccas, which rises precipitously from the Caribbean 
Sea, at an angle o&53° 28', to the heighf'of between 6000 and 7000 
feet, is a majestic instance of perhaps the nearest approach to ver- 
ticality of*an£ great height yet known. 

The circumstances of elevation arc not the only causes of that 
variety observed in the summits of mountains. A difference in the 
composition and internal structure of a rock has a greht influence 
upon its general form, and on the degree and manner in which it is 
worn by the weather. Thus dolomite assumes generally the form of 
high, abrupt, and insulated peaks ; crystalline schists and gneiss 
assume the form of needles, as in the Alps ; slates and quartziferous 
schists take the form of triangular pyramids ; calcareous nocks a 

age are parallel to one another, even when in opposite hemispheres : thus the 
Central Alps and Carpathians, the Caucasus and Himalaya, observe nearly 
the same direction!' The great circle of the sphere, that would pass through 
that part of the Apennines lying between Genoa afid the sources of the Tiber, 
is parallel to the Mountains of Achaia, to the Pyrenees, to the Alleghanies in 
North America, and to the Ghauts in Malabar. The Western Alps aie parallel 
to the Spanish mountains frbm Cape San Maritimo to Cape di Gatto ; they are 
parallel to the African mountains* along the coast of the Atlantic, to the chain of 
Brazil between Cape San Roque and Montevideo, and to the Scandinavian chain; 
the range of Monte Viso in the Piedmontese* Alps is parallel to the Apennines 
of the Roman and Neapolitan States, to Pindus, and to the chain of Taygetus as 
far as Cape Matapan. — The Southern part of the Ural is parallel to the system 
of Corsica and Sardinia ; another pai t is parallel to Cape Tenare or Matapan. 
Monte Laputa, on the coast of South Africa, is parallel to the mountains of 
Madagascar, those of Egypt and the Red Sea are parallel to the Thuringerwald, 
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rounded form, or that of table-lands 1 with abrupt declivities; ser- 
pentine and trachyte are often of a dome form ; phonolites assume a 
pyramidal oue$ dark walls, like those in Greenland, and of some 
of our Western Islands of Scotland, are of trap and basalt ; and vol- 
canoes are indicated by blunt cones and craters. Thus the mountain- 
peaks often indicate by their form their geological structure. 

Viewing things On a broad s#le, it appears that there is also a 
very striking connexion between the physical geography or external 
aspect of different countries and their geological structure. By a 
minute comparison of the different parts of the land, M. Bone has 
shown that similarity *>f outward forms, while indicating similarity 
in the producing causes,' 'must also to a large extent indicate identity 
of structure ; and therefore, from the external appearance of an un- 
explored country, its geological nature may he inferred, at least 
to a certain extent. This he illustrates, by pointing out a corre- 
spondence, even in their most minute* details, between the leading 
features of Asia and Europe, and the identity of their geological 
structure. It has been justly observed, that when the windings of 
our continents and seas are narrowly examined, and the more essen- 
tial peculiarities of their contours contemplated, it is evident that 
Nature has not wrought after an indefinite number of types or 
models, but that, on the contrary, her fundamental tyjies are very 
few, and derived from the action of definite constructive forces on a 
primary base. 1 The whole of our land and sea, in fact, may he de- 
composed into a less or greater number of masses, either exhibiting 
all these Aindamental forms or merely a portion of them. The 
peninsular structure of the continents, with their accdknpanying 
islands, is a striking illustration of th^ truth of this remark, and 
many more might he adduced. It folkAvs, as a consequence of that 
law in Nature’s operations, ihat analogy of form and co itour throws 
the greatest light on the constitution of countries far removed from 
each other. Even the picturesque descriptions of a traveller often 
afford information of which he may he little aware. 

The determination of Idle contemporaneous upheaval of parallel 
mountain-chains, by a comparison of the ages of the inclined and 
horizontal strata resting on them, is one of the highest steps of 
generalization which has been attempted by geologists, £nd is due 
entirely to M. islie de Beaumont. It was first observed by the miners 
of the Frey berg School, and established as a law by Werner, that veins 
of the same nature in mines occur in parallel fissures, probably opened 
at the same time, and filled with metallic ores, also simultaneously 
at a subsequent period ; and that fissures differing in direction differ 
also in age. As these veins and fissures are rents through the solid 
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strata, often of unfathbraable depth and immense length, there; is 
the strongest analogy between them and those enormous fissuies in 
the solid mass of the globe through which the mountain-chains have 
been heaved up. Were the analogy perfect, it ought to follow that 
parallel mountain-chains have been raised simultaneously, that is, 
by fOtoes acting during the same geological periods. By a caieful 
examination of the relative ages of the strata resting on the flanks 
of many of the mountain systems, M £lie de Beaumont has shown 
that all strata elevated simultaneously assume a parallel direction, 
or, that parallel chains of mountains are contemporaneous Should 
this be confirmed, paiallel chains in the most'distant regions can no 
longer be regarded as insulated masses They will indicate the 
com sc of enormous fissures that have simultaneously rent the solid 
globe, and passed through the bed of the ocean from continent to 
continent, from isHnd to wland. M Von Buch found that four sys- 
tems of mountains m Germany accord with this theory, and Pio- 
fessor beilt'wielf has observed the same m the Westmoreland system 
of mountains, believed to be the most ancient as to the date of its 
elevation of which the globe can now furnish iny tiaces This 
theoiy of the contemporaneity elevation of mountain-chains, having 
similar directions, v hich originated with Iff. Jfelie de Beaumont, Ins 
already led to the diyovery of twenty-four different periods of fiac- 
ture and elevation in the European continent alone . 1 

1 Mountain Systems of Euiope, accoidmg to M. Elie de Beaumont — 

1. System of la Vendee N,22 3 SO W, 
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, of the Finisteire E. 21° 45 N. 

, ‘of Longmynd, at Church Strettou N 25° E 

„ at Bingenloch , .. N 31° 15' E. 

, of the Moibihan . • • v W. 38° 15' N. 

, of the Hundsruck, of the Eifel, and of Westmoi eland E. 2 o° N. 

, of the Ballons m the Vosges, and iff the Bocngcs m 

Western Fiance L 15° S 

, of the Fore* N. 15° 5 W. 

, of the N. of England N. 5° W. 

, of the / ow Countries . . . . L. 5° S 

, of the Rhine N 21° L. 

, of the ,Thuungerwald and Mon an E. 40° S. 

, of Mount Seny m Catalonia between the Lias and 

Oolitic periods N 34° E 

, of Mons Pilatus, and the Cote d’Or . . . . . . L 40° N. 

, of Monte Viso N. 22° W. 

, of the Pyrenees and Northern \pennmes . . . . E 8° S. 

, of Varcors, after the Gietn Sand and before the 

* Miocene penod . . N 8 3 E. 

, of Corsica and Sardinia N & S. 

, of Mount Tati a .. W.4°50'N. 

, of the feancerrois . . . . E. 2b° O' N # 

, of the Erymanthus at Algiers subsequent to the 

Miocene period N. 58° E. 
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Mr. Hopkins has taken a purely mathematical view of the sub- 
ject, and has shown that, when an internal expansive forcc acts 
upwards upon a single point in the earth's crust, the splits or 
cracks must all diverge from that point like radii in a circle, 
which is exactly the case in many volcanio districts ; that when 
the expansive force acts uniformly from below on a wide surtbcc 
or area, it tends to stretch the surface, so that it would split or 
crack where the tension is greatest, that is, either in the direction 
of the length or breadth ; and if the area yields in more places 
than one, he found that the fissures would necessarily be ‘parallel 
to one another, which Agrees with the law of arrangement of veins 
in mines. These results are greatly modified by the shape of the 
area, hut the modification is according to a fixed law, which, instead 
of interfering with that of the parallelism of the fissures, actually 
arises from the same action which produces it. # This investigation 
agrees in all its details with the fractures in the districts in England 
to which they were applied, so that theory comes Jto tlto aid of 
observation in this still unsettled question . 1 

It seems to bear on the subject, that parallel mountain-chains 
are similar in geological age, even when separated by seas. For 
instance, the mountains <$f Sweden and Finland are of the same 
structure, tliougji the Gulf «f Bothnia is between them ; those of 
Cornwall, Brittany, and*the north-west of Spain ar$ similar ; the 
Atlas and the Spanish mountains, the chains iu California and 
those on the adjacent coast of America, and, lastly, those of New 
Guinea and the north-east of Australia, furnish examples. The 
same correspondence in geological epoch prevails in chaiiA that are 
not parallel, but that arc convergent frpm the form of the earth. 
This observation is also extensively exemplified in thoso that run 
east and west, as the Alps^tlie Balkan, Taurus, Paropamisus, the 
Hindoo Coosh, the Himalaya, and in America the mountains of 
Parima and the great chain of Veitoauela. 

Continents and mountain-chainrare often interrupted by posterior 
geological changes, such as*clcfta and cavities formed by erosion, as 
evidently appears from the correspondence of the strata. The 
chalk cliffs on the opposite sides of the British Channel show that 
Britain was at one time united to the continent ;*the formations of 
the Orkneys and of the N. of Ireland are the same with that of the 


21. System of the Western Alps N. 26° E. 

22. , , of the Mont Serrat at Barcelona during the Plio- 

cene period . . . . .*. . . . . . . . . N. 42° W. 

23. , , of the principal chain of the Alps . . . . . . E. 16° N. 

24. , , from Cape Tanare to the extremity of the Morea N. 10° W. 


1 Hopkins on the Parallel Lines of Simultaneous Elevation in the Weald 
of Kent and Sussex. 
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Highlands of Scotland ; so are those on each side of the Strait of 
Gibraltar : that of Turkey in Europe passes into Asia Minor, the 
Crimea into the Caucasus, a volcanic region bounds the* Strait of 
Babelmandel on both sides, and Behring Strait divides the strata 
of a similar age in the two great continents. Such is also par- 
ticularly the case with coast islands. 1 

Immediately connected with the mountains are the high table- 
lands which form so conspicuous a feature in the Asiatic and 
American continents. These perpetual storehouses of the waters 
send their streams to refresh the plains, and to afford a highway 
between* nations. Table-lands of less elevation, sinking in ter- 
raees of lower and lower level, constitute the links between the 
high ground gmd the low, the mountains and the plains, and thus 
maintain* the continuity of the land. They frequently are of 
the richest soil, a;id enjoy the most genial climate, affording a 
delightful and picturesque abode to man, though the plains aTe his 
principaT dwelling. Sloping imperceptibly from the base of the 
inferior table-lands, or from the last undulations of the mountains, 
to the ocean, the plains carry off the superfluous waters. Fruitful- 
ness and sterility vary their aspect : immense tracts of the richest 
soil arc favoured *by climate and hardl/ require culture; a greater 
portion is only rendered productively hard lajbour, compelling 
man to fhtfil. his destiny ; while vast regions are doomed to per- 
petual barrenness, never gladdened by a shower. 

The form of the great continent has been determined by an 
immense zone of mountains and table-land, lying between the 30th 
and 40th* or 45th parallels of north latitude, which stretches across 
it from W.S.W. to E.N.1J. from the coasts of Barbary and Por- 
tugal, on the Atlantic Occkn* to the farthest extremity of Asia, at 
Behring Strait, in the North Pacific.* JWrth of this lies a vast 
plain, extending almost from the Pyrenees to the extremity of 
Asia, the greater portion of which is a dead level, or having low 
undulations, uninterrupted except by the Scandinavian and British 
system on the north, and the Ural chain, which is of inconsiderable 
elevation. The r low lands south of the mountainous zone are much 
indented by the ocean, and of the most diversified aspect. A 
^ great part of the* flat .country lying between the China Sea and 
the river Indus is of exuberant fertility, while that between the 
Persian Gulf and the foot of the Atlas is, with some happy ex- 
ceptions, one of the most desolate tracts on the earth. The southern 
lowlands, too, are broken by a few mountain systems of considerable 
extent and height. , 

The Atlas and Spanish mountains form the western extremity of 


1 M. Bou6 
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that great zone of high land that girds the old continent almost 
throughout its extent : these two mountain systems were at one 
time united, and from their geological structure, and also the paral- 
lelism of their chains, they must have been elevated by forces 
acting in the same direction ; the Strait of Gibraltar, a sea-filled 
chasm nearly 500 fathoms deep, now divides them. 1 

A very elevated and continuous mountain region extends in a 
broad belt along the north-west of Africa, from the promontory of 
Gher, on the Atlantic, to the Gulf of Sidra, on the Meditcrr mean, 
embracing ail the high land of Marocco, Algiers, and Tunis,, It iB 
bounded by the Atlantic and Mediterranean, and insulated from 
the rest of Africa by the desert of Sahara. 

This mountain system consists of three parts. The chain of the 
Greater Atlas, which is farthest inland, extends fro* Cape Gher, 
on the Atlantic, to the Lesser Syrtis; ayd, in Marocco, forms a 
group of mountains 15,000 fbet high, coVerefi with perpetual snow. 

The Lesser Atlas begins at Cape Spartel (the ancient.Cape Cotes) 
opposite to Gibraltar, and runs parallel to the coast *of tho„ Medi- 
terranean till it reaches the Gharian range in Tripoli, the last and 
lowest of the Little Atlas, which rups in an easterly direction, 
diminishing gradually in height till it is lost iy the plain of the 
Great Syrtis. That long, rugged but lower chain of parallel ridges 
and groups which fornfs*the bold coasts of the Strait <*f .Gibraltar 
and the Mediterranean, is only a portion of the Lesser Atlas, which, 
covered with snow, rises above it majestically. ^|||| jjanks of the 
mountains £re generally clothed with forests, but 1 ^fe^unimit is 
one uninterrupted lino of bare inaccessible rockS^ MM thev are 
rent by fissures frequently not more than a few feet wifQSpp peculiar 
feature of the whole system. ** 

The Middle Atlas, lying between the two great chains, consists 
of a table -land, rich in valleys and rivers, which rises in silHjkive 
terraces to the foot of the Greater Atlas, separated by ridgc^HUs 
parallel to it. This wide and extensive region has a deKpRjl 
climate, abounds in magnificent forests, and valleys Jull of vitality. 
The Greater Atlas is calcareofi^n its central portion, and composed 
of granite and schistose rocks near the sea-coast. * 

The Spanish peninsula consists chiefly, of a table-land traversed 
by parallel ranges of mountains, and^usurrounded by the sea, 
except where it is separated from Fraj|Rjy the Pyrenees, which 
extend from the Mediterranean to the il^Pf Biscay, and are con- 
tinued by the Cantabrian chain to Cape Finisterre on the Atlantic. 

1 By the recent soundings of M, Vicendon Dumoulin. an eminent French 
hydrographer, engineer, and surveyor, the greatest depth of water in the 
Straits does not reach 500 fathoms, although until lately it had been con- 
sidered nearJy^double that quantity. J 
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The Pyrenean chain is of moderate height at its extremities, but 

% summit maintains a waving line whose mean altitude is 8000 
; it rises to a greater height on the east ; its highest point is 
the Maladetta or Nethou, 11,170 feet above the sea. The snow lies 
deep on these mountains during the greater part of the year, and is 
pqgpetual on the highest parts ; but the glaciers, which are chiefly 
on the northern side, are neither so numerous nor so extensive as in . 
the Alps. 

The greatest breadth of this range is about 60 miles, and its 
length, 270. It is so steep on the French side, so rugged and so 
notched, that from the plains below its summits look like the teeth 
of a saw, whence the term Sierra has been appropriated to moun- 
tains of this form. On the Spanish side, gigantic sloping spurs or 
offsets, separated by deep valleys, extend to the banks of the Ebro. 

Tho interior of Spain is a table-land with an area of 93,000 
square miles, nearly ccjtial to half of the peninsula. It dips to the 
Atlantic frqm its western .side, where its altitude is about 2300 
feet. .There It is bounded by the Iberian mountains, which begin 
at the point where the Pyrenees take the name of the Cantabrian 
chain, and run in a tortuops south-easterly direction through all 
the kingdom, constituting the eastern iboundary of ValencBtand 
Murcia, and sending many branches through those^ provinces T^the 
Mediterranean : its /host elevated ]>ortiori ts*the Sierra do Moncayo 
between Calyatud and Taragona, W. of Saragossa. 

The Cantabrian chain attains its greatest height in the Montes de 
Europa, BSQQffeet, where it is composed of rugged peaks of carboni- 
ferous lix*$j|MSe. » - 

Four pppy parallel ranges of mountains originate in this 
limiting^ehain, running frdrn E.N.E. to W.S.W. diagonally across 
the peninsula to the Atlantic. Of tjiese the high chain of the 
Gunj^irama and the Sierra de Toledo cross the table-land, the 
Wrfioh&uualion of the former, the Sierra de los Gredos, contains the 
Peak of Alraanzor, after the Maladetta, and the Sierra Nevada of 
Grenada, the highest in Spain ; the Sierra Morena, so called from 
the dark colour of its forests on gig southern edge; and lastly, 
the Sierra Nevttda, though only 100 miles long and 60 broad, the 
finest range of mountains in Europe after the Alps and Pyrenees, 
traverses the plains of Andalusia and Grenada. The table-land is 
monotonous and bare odnfees; the plains of Old Castile are as 
naked as the Steppes *cpffiberia, the eastern part is composed of a 
bare diluvial soil, and uncnltivaW, except in the valleys of denuda- 
tion and along the hanks of the rivers. Com and wine arc produced 
in abundance on the widely-extended plains of New Castile and 
Estremadura : other places serve for pasture. The table-land be- 
comes more fertile as it approaches towards Portugal, vfrdch. is alto- 
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gethet more productive than Spain, thotigli the* maritime provinces 
of the latter on the Mediterranean are beautifully luxuriant, with 
a semi-tropical vegetation. 

Granite and paleozoic rocks prevail chiefly in the Spanish moun- 
tains, and give them their peculiar, bold, serrated aspect, whilst 
secondary and even tertiary rocks abound in the less elevated ranges, 
often rising to a very considerable elevation. Some of the valleys 
and extensive table-lands between the parallel ranges, through 
which the great Spanish rivers flow to the Atlantic, appear to have 
been at one time the basins of lakes. 1 * 3 

The mass of high land*is continued through the south of France* 
at a much lower elevation, by chains of hills and table-lands, «the 
most remarkable of which are the Montagnes Noires, and the great 
plateau of Auvergne, once the theatre of violent voleanie action, 
which continued from the beginning to the middle of the tertiary 
period, presenting very perfect cones afcd Craters : some of the 
highest, as the Puy de Dome, are trachytic domes. The tgicliytic 
group of Mont Dore, the highest peak of which, tlie PUy de SJpncy, 
rises to the height of 6188 feet, includes an immense crater of 
elevation.* The volcanic mountains of Auvergne, and the CMvennes, 
which are Jess elevated, asc the most remarkable of the French 
system ; the eastern offsets frqjn the latter reach the right bank of 
the Rhone in the group of*the Vivarais. In fact, these Frencji moun- 
tains are the link between the more elevated masses of Western and 
Eastern Europe. 

The eastern and highest part of the European portion of the 
mountain-zone begins to rise above the low lands about the 52nd 
parallel of north latitude, ascending by terraces, groups, and chains 
of mountains, through six or seven degree® of latitude, till it reaches 
its highest point in the "rearrange of the Alps and Balkan. The 
descent on the south side of this lofty mass is much more rapid 
ami abrupt, and the immediate offsets from the Alps shorter ; but, 
taking a very general view, the Apennines and mountains of 
Northern Sicily, those of Greece and the southern pgrt of Turkey 
in Europe, with all the islands of the adjacent coasts, are but out- 
lying members of the general protuberance. • 

1 The physical geography and geology of Spain have received great additions 

of late yeai’s from the researches of one of the most eminent of European 
geologists, M. E. de Verneuil, who has determined barometrically the elevation 
of many of the most remarkable points, at the SAme time as he has illustrated 
the geology of nearly the whole Peninsulajn a most masterly manner. 

3 A crater of elevation is a mountain, generally of a conical shape, whose 
top has sunk into a crater or hollow, after the internal force which raised it 
was withdrawn, but from which no lava had issued. Dome-shaped mountains 
owe their farm to internal pressure, pr o bri bfry from lava, hut which hare not 
qgkin sunk infcva cavity or crater. 
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The principal chain of the Hyrcanian mountains, the Sudetes, 
$nd the Carpathian mountains, form the northern boundary of these 
high lands ; the first, consisting of three parallel ridges, extends 
' from the right bank of the Rhine to the centre of Germany, about 
81° or 52® of N. lat., with a mean breadth of about 100 miles, 
agd terminates in the knot of the Fichtelgebirge, >on the confines of 
Bavaria and Bohemia, covering an area of 9000 square miles. The 
Sudetes begin on the east of this group, and, after a circuit of 300 
miles round Bohemia, terminate at the small elevated plain of the 
CJpper Oder, which connects them with the Carpathian mountains. 
.No part of these limiting ranges attains 4he height Of 6000 feet, 
except the Carpathians, some of which are v$ry high. The latter 
consist of mountain-groups united by elevated plains. The highest 
point is »m the S.E. of Transylvania, before it reaches the Danube, 
which separates it from the secondary branch of the Balkan, where 
Mount Butschetje* risfes to*9528 feet. The Lomnitzer Spitze in the 
Tatra groqp is 8729 feet. Spurs decline in undulations from these 
limiting chains towards the. great northern' plain, and the country to 
the south, intervening between them and the Alps, is covered with, 
an intricate network of elevations and plains of moderate height. 

The higher Alps, which form the western crest of the elevated 
zone, may be said to commence from 0 Cape delle Melle In the Gulf 
of Genqp,f and bend round by the west aftid north to Mont Blanc ; 
then turning E.N.E. they run through the Grisons and Tyrol to 
the Great Glockner, in 40° T N. lat., and 12° 43' E. long., where 
the higher Alps terminate after a course of 420 miles. • Throughout 
its whote extent this chain is lofty ; many of its peaks rise above 
the fine of perpetual snow ; the most elevated part is situated be- 
tween the Col de la Setgne, on the western shoulder of Mont 
Blanc, and the Simplon, 'the highest mountains in Europe are 
comprised within this space, not more than 60 miles long, where 
Mont Blanc, the highest of all, has an absolute elevation of 15,744 
feet. The central ridge of the higher Alps is jagged with peaks, 
pyramids, anc^ needles of bare and almost perpendicular rock, 
rising from fields of perpetual snow and rivers of ice to an elevation 
of 14,000 feet.* Many parallel chains and groups, alike rugged and 
snowy, press on dthe principal crest, and send their flanks far into 
the lower grounds. Innumerable secondary branches, hardly lower 
than the main crest, diverge from it in various directions : of these 
the chain of the Bernese Alps is the highest and most extensive. 
It branches off at the St. Gotha^i from the principal chain, and, run- 
ning nearly parallel to it, separates the Valais from the Canton of 
Berne, and with its ramifications forms one of the most remarkable 
groups of mountain ac^iery in Europe. Its endless maze of sharp 
ridges and bare peaks, mixed with gigantic masses of pure snow. 
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fading coldly seiene into the blue horizon, preaent a scene of sublime 
quiet and repose, unbroken but by the hvalanche or the thunder. 

At the Great Glockner the chain of the M}j !& divides into two 
branches, forming the Noric and Camic former running 

towards Vienna, the latter form the contliiift^E of the principal 
stem. Never rising to the height of perpet^iflnow, it separates 
the Tyrol and Upper Carinthia from the Venetian States, and, taking 
the name of the Julian Alps at Mont Terglou, it runs south-east) 
under various names, till it joins the Eastern Alps, or Balkan, 
under the 18th meridian. Offsets from this chain cover all the 
neighbouring countries. 

It is difficult to estinfate the breadth of the Alpine chain : that 
of the higher Alps is about 100 miles ; it increases to 150 east of 
the Grisons, and to 200 between the 15th and 16th meridians, but 
is not more than 80 at its junction with the Balkan. 

The Stelvio, 9177 feet above the sea, is the highest carriage-pass 
in these mountains. Those of the Mount Cenis (6772), St. Gothard 
(6808), Simplon (6592), Splugen (6940), and Ampezzq, *go directly 
over the crest of the Alps. Passes very rarely go over the summit 
of a mountain ; they generally cross a depression between higher 
peaks ascending by the valley of a tornent, and descending by a 
similar depression on the otffer side. 1 

The frequent occurrence of extensive deep lakfs is a peculiar fea- 
ture in European mountains, rarely to be met with in the Asiatic 
system, except in the Altai and on the elevated plains. 

With the exception of the Jura, whose pastoral region is about 
3000 feet abbve the sea, there are no elevated table-lands in the 
Alps or European mountains ; the tabular form, so emmciftly cha- 
racteristic of the Asiatic high lands, begins in the Balkan. The 
Oriental peninsula rises by degrees fiom the Danube to Bosnia and 
Upper Macedonia, which are «ome hundred feet above the sea : and 

1 In a spirit of gigantic enterprise characteristic of the 19th centuzy, and 
worthy of the rising nation who have projected it, a railway has been com- 
menced by the Piedmontese Government to pass through the qhain of the Alps 
fi om Baidonnhche in the valley of the Doia to Modane in Savoy. A tunnel more 
than seven miles long will be cut beneath the Col de Frejus §t an elevation of 
5260 feet above the level of the sea. It will be excavated on both sides of the 
mountain at the same time, and will rise a little .towards "the centre to carry 
off the water. As the ordinal y method of sinking 'shafts from above, either 
lor ventilation or expediting the work, is impos&ible, the Sardinian engineers 
have invented a machine moved by compressed an , which they say will bore 
any kind of rock 24 times more rapidly than miners could do, so that the 
galleiy will probably be finished m eight ofr nme years, which otherwise would 
have required between thirty and forty. The air is to be condensed by water- 
power outside the tunnel, and conveyed by pipes to the machines; after work-j 
mg them it will serve to ventilate the tunnel, and in expanding will absoib 
the heat, which otheiwise would become mtoleiable. 
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flKMwt mm, tofts* slang this devoted l&as*, from the 
i^WlAlteiV of fhe'lRftftric and Jtdkuoi Alp* t6 Capo Eminech on 
j|«rPack Se& Jl logins by a table-land 70 miles long, traversed 
Qg^lftW hills en4fnfe*£owards Albania and Myritida, in precipitous 
^msstofce peaks fjpm 6000 to 7000 feet high. Bugged mountains, 
all but impassable, succeed to this, in whioh the domes and needles 
of the Schandach, or ancient Seamus, are' covered ’with snow till 
June. Another table-land follows, whose marshy surface is bounded 
by mural precipices at Mount Aibelus, near the town of Sophia. 
There the Hcemus, or Balkan properly so called, commences, and 
runs m parallel ridges separated by longitudinal valleys, to the 
Bla<jk Sea, dividing the plains between the Lower Danube and the 
Propontis into nearly equal parts. There are few passes in the 
central ridge, and where there is no lateral ridge the precipices 
descend at once to the plains. 

The Balkan is rent by tqrrific fissures cutting through the chains 
and table-lands, so deep and narrow that daylight is almost ex- 
cluded.* Th^se chasms afford the safest passes for beasts of burthen. 
Then? is but one high road across the chain, called Trajan’s Gate. 

The Mediterranean is the southern boundary of the elevated zone 
of Eastern Europe, whose 4ast offsets rise in rocky islands along the 
coasts. The mountains of Sardinia anti Corsica may be considered 
as outlying members of the Maritime Alps, while shorter offsets 
end in the plains of Lombardy, enclosing the magnificent scenery 
of the Italian lakes. Even the Apennines, whose chain has given 
its form to the peninsula of Italy, arc hut secondary on a greaj&r 
scale to the broad central hand, as well as the mountains and Hb 
land in' the north of Sicily, which form the continuation of f&e 
Calabrian range. 

The Apennines, beginning when* the Maritime Alps terminate, 
enclose the Gulf of Genoa, and through the centre of Italy 
to the middle of Calabria, where the$?split into two branches, one of 
which continues to Capo di Leuca, on the Gulf of Tarento, the other 
to Cape Spartivento, near the Strait of Messina. The whole length 
is about 800 miles. None of the Apennines rise above the line 
of perpetual sqpw, though snow lies during nine months of the year 
on the Monte Como or Gran Sasso d* Italia (9521 feet high), in 
Abruzzo TJlteriore. . * 


Offsets from the Julianf and Eastern Alps render Dalmatia and 
Albania perhaps the most rugged tract in Europe ; and the Pindus, 
which forms the water-shed of Greece, diverges from the latter 
chain, and, running south 200*miles, separates Albania from Mace- 
donia and Thessaly. 

Greece is a country of mountains, and, although none are per- 
petually covered with snow, it lies during a great part of the year 
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on several of their summits. The highest point is Mount Guiona 
in Doris, 8239 feet. The chains terminate in* boldly projecting 
headlands, which reach far into the sea, and reappear in the nu- 
merous islands and, rocks which stud that deeply indented coast. 
The Grecian mountains, like the Balkan, are much tom by trans- 
verse fractures. The defile of Blatamana and the Gulf of Salonica 
are examples. The Adriatic, the Dardanelles, and the Sea of Mar-* 
xnora limit the secondary ranges that branch from the southern part 
of the Balkan. 

. The valleys of the Alps are deep, long, and narrow ; those 
among the mountains of Turkey in Europe and Greece are mostly 
caldron-shaped hollows, often enclosed hy mural rocks. Many of * 
these cavities of great size lie along the foot of the Balkan. In the 
Morea they are so encompassed by mountains that the water has 
no escape but through the porous soil, consisting of tertiary* strata, 
some of which have formed the bottom of lal^es. . Caldron-shaped 
valleys occur also in most volcanic countries, as Italy, Sicily, and 
central France. 

The table-lands which constitute the tops of mountains or of 
mountain-chains are of a different character from those terraces by 
which the high lands slope to the low. The former arc on a smalt 
scale in Europe, and of a forbidding aspect, with the exception of 
the Jura, which is .pastora^ wltereas the latter jye almost always* 
habitable and cultivated. The mass of high land in southeastern 
Europe shelves on the north to the great plain of Bavaria, 3000 feet 
high ; Bohemia, which slopes from 1500 to 900 feet ; and Hungary, 
from 4000 to 300 above the sea. The descent on the south side of 
the Alps is considerably the most rapid, the distance of the* plains 
from, the centre of the chain being shorter. * 

It is scarcely possible to estimate the quantity of ice or the Alps : 
it is said, however, that, indeptndent of the glaciers in the Grisons, 
there are 1400 square miles of glacier in the Alpine range, from 80 to 
600 feet thick. There are no glaciers east of the Great Glockner, 
except in the small group of Hallstadt. Thirty-four bound the 
snowy regions of Mont Blanc, covering an area of* 1819 miles, 
whilst it is estimated that 95 square miles of snow qnd ice clothe 
that giant of the chain. Some glaciers have been ^permanent and 
stationary in the Alps from time immemorial, while others now 
occupy ground formerly cultivated or covered with trees, which 
the irresistible force of the ice has swept away. These ice-rivers, 
formed on the snow-clad summits of the mountains, fill the hollows 
and high valleys, hang on the 'declivities, or descend by their 
gravity through the transverse valleys to the plains, where they 
are cut short by the increased temperature, and deposit those accu- 
mulations of rocks and rubbish, which had fallen upon them from 
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the heights above, forming those accumulations called moraines ; but 
their motion is so Slow in some instances that generations may pass 
before a stone fallen on the upper end of a long glacier can reach 
the terminal moraine. In the Alps the glaciers move at the rate of 
from 12 to 25 feet annually, and, as in rivers, the motion is most 
rapid in the centre, and slower along the sides and bottom on account 
Of friction. It is slower in winter, although it does not cease, be- 
cause the winter’s cold penetrates the ice, as it does the soil, only to 
a limited depth. Glaciers are not of solid ice ; they consist of a 
mixture of ice, snow, and water, so that they are in some degree 
flexible and viscous, acquiring more solidity as they descend to lower 
levels*: although evaporation goes on at their surface, they are not 
consumed by it. The terminal front is perpetually melting ; it is 
steep and inaccessible, owing to the configuration of the ground over 
which it tumbles in its icy cascade, sometimes several hundred feet 
high. The glacier in ^ts middle course is rather level, the higher part 
very steep, and the surface is convex and uneven, and rent by crevices 
into vfaich«the purest blue streams fall in rushing cascades while 
the fcun is above the horizon ; but they freeze at his setting, and 
then a death-like silence prevails. The masses of rock and large 
Hones that fall on them from the surrounding heights protect the ice 
below from the«un which melts it all abound, so that at last they rest 
\m elevated pinnacles till they fall* off J>y their.weight, and in this 
manned some of those numerous pyramids are formed with which 
the surface is bristled. Small stones, on the contrary, absorb the 
sun’s heat, and melt the ice under them into holes ’in which they 
sink, forming so many small wells. ThroughcttV much of the 
length* of a glacier the winter’s snow melts fronutts surface as com- 
pletely as it does from the ground : it is fed firom above, for in the 
upper part the snow never melts, but accumulates in a stratified 
form, and is consolidated. In soma of the largest glaciers, wljere 
there is a difference in level of some thousands of feet between the 
origin and termination, the pressure is enormous, and so irresistible 
as to carry all before it ; even the thickest forests are at times over- 
whelmed and* crushed by them. * 

Glaciers acjvance or retire according to the severity or mildness 
of the season; they have been advancing in Switzerland of late 
years, but they are subject to cycles* 1 of unknown duration. From 
the moraines, as well as tiie stria) scratched on the rocks over which 
they have passed, M. Agassiz considers that the valley of Chamouni 
was at one time occupied by a glacier that had moved towards the 
Col de Balme, A moraine 2tXX) feet above the Phone at St. Mau- 
rice would appear to indicate that, at a remote period, glaciers had 
covered Switzerland to the height of 2155 feet above the lovel of 
the Lake of Geneva. 



Chap. II. 


GEOLOGICAL VIEW OF EUROPE. 


45 


Their increase is now limited by Various circumstances— by 
evaporation at its surface, by blasts of hot air which occur at all 
heights, but chiefly by the mean temperature of the earth, which 
being always above the freezing-point in those latitudes, melts the 
under surface of the glacier, giving rise to a perpetual current, 
which, united to the natural springs that rise under the frozen mass, 
and to the rain and melted snow that penetrate through the cre- 
vices, forms a stream of turbid water which works out an icy 
cavern at the extremity of the glacier, and flows from it into the 
lower ground. Thus a glacier “ begins in the clouds, is formed hy 
the mountains, and endsen the ocean.” 1 

The crystalline and upper Paleozoic formations are enormously* 
developed in Northern Europe, the secondary and tertiary are not 
less so in the central part of the continent, and although the latter 
continue to be tlie prevailing strata in the South, they are so much 
mixed with crystalline rocks, that its geok>g£ becomes very compli- 
cated. Norway, Sweden, Lapland, and Finland, are for the most 
part crystalline, while the rest of Northern Russia betengs to the 
upper Palaeozoic period. Siberia, and a long tract S. of it* arc 
formed of secondary strata. The whole of Southern Russia, to the 
shores of the Black Sea anc^Caspian, belongs to the secondary and 
tertiary period — while tertiary rocks prevail throughout Germany, 
Denmark, and Holland, to the shores of the North Sea. Meta- 
xnorpkio slates are highly developed in Southern and *Eastem 
Eurojie, and form some of the most elevated pinnacles of the Alpine 
crest and its«offscts, of the Caucasus and principal chains in Greece 
and Turkey in Europe ; but the secondary fossiliferous strata con- 
stitute the chief mass, and often rise to the highest summits; 
indeed, secondary limestones occupy a grqat portion of the high land 
of Eastern Europe. Calcaieous rocks* form two great mountain- 
zones on each side of the central chain of the Alps, and rise occa- 
sionally to altitudes of 10,000 or 12,000 feet. They constitute a 
great portion' of the central range of the Apennines, and fill the 
greater part of Sicily. Thf y are extensively developed in Turkey 
in Euroi>e, where the plateau of Bosnia, with its high lands on 
the south, part of Macedonia, and Albania with its islands, are 
principally composed of them. 8 Tertiary strata o^ great thickness 

■* 

1 The reader who may wish for a more detailed view on this subject is 
referred to the wiitings of Professor Agassiz^ gnd to_ Professor Forbes' 

volume o n Glacier s,, a work "which Is a” model of exact observation, combined 
Wtfh such accurate physical and mechanical deductions as could only be ar- 
rived at by one conversant with the highest principles of physics and mathe- 
matical investigations, and to the later researches of P rofesso r Tyndale, which 
have modified Professor Forbes' views to some extent. 

* Bone. , 
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rest on the flanks pf the Alps, and rise in some places to a height 
of 5000 feet; zones of the Pliocene period flank the Apennines on 
each side, filled with organic remains, and half of Sicily is covered 
with tertiary strata. With the exception of the islands in the 
Baltic, and a district south of the Gulf of Finland which is Palae- 
ozoic, that formation often mixed with granite prevails near or 
along the shores of the Atlantic, but not continuously. A district 
at North Cape is Palaeozoic, the Lofoden Isles are of granite, it again 
appears in small patches in the Norwegian mountains which are 
Palaeozoic. The whole of Britany consists of those two formations, 
the granite being still more abundant, anc^stretches diagonally across 
Fi^ncfe in patches, even to the shores of the Mediterranean. But in 
no part of Europe do the rocks under consideration abound so much 
as on the Atlantic side of the Spanish peninsula : they extend even 
to the centre of Spain. The Pyrenees are of granite and upper Pa- 
laeozoic strata, fla«iked*by* secondary. Considerable tracts of granite 
occur in the Moravian, Bbhmerwald, and Saxon mountains, but of 
less hnjKjftance than those mentioned. It appears that the Atlas, 
the Sierra Morena and most of the Spanish mountains, the central 
chain of the Caucasus, and the Balkan, were raised before the period 
of the erratic blocks. • % 

From numeibus dislocations in the strata, the Alps appear to 
have be<jn heaved up by many violent* and repeated convulsions, 
separated by intervals of repose ; and different parts of the chain 
have been raised at different times. For example, the Maritime 
Alps and the south-western part of the Jura Mountains were raised 
previously to the formation of the chalk ; but the tertiary period 
appears to have beeh that of the greatest commotions, for nearly 
two-thirds of the lands of Europe have risen since the beginning 
of that epoch, and those that existed acquired additional height,;'* 
whilst some sank below their original level. During that perifaf 
the Alps acquired an additional elevation of between 2000 'fed 
6000 feet; Mont Blanc then attained its present elevation, the 
Apennines rose 1000 or 2000 feet higher, and the Carpathians 
seemed to have gained an aceession of height since the seas are 
inhabited by the existing species of animals. 1 


1 Lyell. 
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CHAPTER III. 

The High Lands of the Great Continent, continued — The Caucasus — The 
Western Asiatic Table-Land and its Mountains. 

The Dardanelles and the Sea of Marmora form but a small in 
the mighty girdle of the old continent, which again appears in im- 
mense table -lands, passing through the centre of Asia, of such mag- 
nitude that they occupy nearly two-fifths of the continent. Ilero 
e\ erythiug is on a much grander scale thafuin Europe : the table- 
lands rise above the mean height of the European mountains, and 
the mountains themselves that gird and traverse them surpass those 
of every other country in altitude. The most barren deserts arc 
here to be met with, as well as the most luxuriant productions of 
animal and vegetable life. ^TJie earliest ‘records of the human race 
are found in this cradle of civilization, and monunfents still remain 
which show the skill and.pow£r of those nation# which liy,ve passed 
away, but whose moral influence is still visible in their»debcendants. 
Customs, manners, and even prejudices, carry us hack to times be- 
yond the record of history or even of tradition, while the magnitude 
with which the natural world is here developed evinces ^the tre- 
mendous forces that must have been in action at epochs immeasur- 
ably anterior to the existence of man. o 

The gigantic mass of high land whifch extends for 6000 miles be- 
tween the Mediterranean and the Pacific is 2000 miles broad at its 
eastern extremity, 700 to 1000 in the middle, and somewhat less at 
its termination. Colossal mountains and elevated terraces form the 
edges of the lofty plains. # 

Between the 47th and G8th eastern meridians, Where the low 
plains of Hindostan and Bokhara border upon the table-land and re- 
duce its width to 700 or 1000 miles, it is divided into two parts by 
an enormous group of mountains formed by the meeting of the Hindoo 
Coosh, the Himalaya, the Kuen-lun, and the transverse ranges of 
the BgloaCTagh, or Cloudy Mountains : these two parts differ in 
height, form, and magnitude. 

The western portion, which is the table-land of Persia or plateau 
of Iran, is oblong, extending from the shores of Asia Minor to the 
Hindoo Coosh and the Solimaun range, which skirts the right side 
of the valley # of the Indus. It occupies an area of 1,700,000 square 
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miles, generally abqut 4000 feet above the sea, and in some planes 
7000. The Oriental plateau or table-land, much the largest, has an 
area of 7,600,000 square miles, a mean altitude of 15,000 or 16,000 
feet, and in some parts of Tibet an absolute altitude of 17,000 feet. 

As the table-lands extend from N.W. to S.E., so also do the prin- 
cipal mountain-chains, as well those which bound the high lands as 
those which traverse them. Remarkable exceptions to this equa- 
torial direction of the Asiatic mass, however, occur in a series of 
meridional chains, whose axes extend from S.S.E. to N.N.W., be- 
tween Cape Comorin, opposite to Ceylon, and the Arctic Ocean, 
under* the names of the Western Ghauts, the Solimaun range (which 
forips the eastern boundary of the table-land of Persia), the Beloot 
Tagh, or Bolor (which is the western limit of the Great Oriental 
plateau), and the Ural Mountains. These chains, rich in gold, lie-in 
different longitudes, and so altenate among themselves that .each 
begins only in that latitude wflEhas not yet been attained by the 
preceding one. The Khing-hail^l^phina, also extends from South 
to nortir al&flg the eastern slopes of the table-land* 1 

The lofty range of the Caucasus, which extends 700 miles be- 
tween the Black and Caspian Seas, is an outlying member of the 
Asiatic high lands. Offsets diverge like ribs from 'each side of the 
central crest, wljjch penetrate the Russian Steppes on ono hand, and 
oft the otjier crqfcs*the plains of Kara, or valley 4 of the Kour and 
Rioui, and unite the Caucasus to the table -land. Some parts of 
these mountains are very high ; the_Elbruz, on the western border of 
Georgia, is 17,796 feet. The central part of the chain contains several 
glaciers, and the limit of perpetual snow is at the altitudejof 11,000 
feet, which is higher than any other chain of the old continent, ex- 
cept the Himalaya. 

Anatolia, the most westerti part of the table-land of Iran, 3000 
feet above tbe sea, is traversed by shefl-t chains and broken groups 
of mountains, separated by fertile valleys, which sink rapidly to- 
wards the Archipelago, and end in promontories and islands along 
the shores of Asia Minor, which is a country abounding in vast, 
luxuriant, but* solitary plains, waterod by broad rivers — in Alpine 
platforms and mountain-ridges broken up by great valleys, opening 
seawards, with iqeandering streams. Single mountains of volcanic 
formation are conspicuous objects on the table-land of Anatolia, 
which is rich in pasture, though much of the soil is saline, and 
covered with lakes and marshes. A triple range of limestone moun- 
tains, 6000 or 7000 feet high, divided by narrow but beautiful val- 
leys, is the limit of the Anatolian table-land along the shores of the 
Block Sea. Two-thirds of their height are covered with forests, and 
broken by wooded glens, leaving a narrow coast line, except near Tre- 
* Johnston’s Physical Atlas. < 
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bizond, where it is broad and picturesque. The*high land is bounded 
on the south by the serrated snowy ra’nge of the Taurus, which, be- 
ginning in Rhodes, Cos, and other islands in the Mediterranean, fills 
the south-western parts of Asia Minor with ramifications ; and after 
following the sinuosities of the iron-bound coast of Karamania in a 
single lofty range, extends to Samisat, where the Euphrates has 
cut a passage through this stony girdle. 

About the 50th meridian the table-land is compressed to nearly 
half its width ; and there the lofty mountainous regions of Armenia, 
Kurdistan, and Azerhijan tower higher and higher between the 
Black Sea, the Caspian, %nd the Gulf of Scanderoon on the Mediter- 
ranean. Here the cold treeless plains of Armenia, the earliest abode of 
man, 7000 feet above the sea, bear no traces of the Garden of Eden ; 
Mount Ararat stands a solitary majestic volcanic cone, 17^1121'oet 
above the sea, shrouded in perpetual snow. • Though high and cold, 
the soil of Armenia is richer than that* of Anatolia, and is better 
cultivated. It shelves on the north in luxuriant and Jteaiftifiil de- 
clivities to the low and undulating valley of Kara, south <Jf tho 
Caucasus ; and on the other hand, the broad and lofty belt of the 
mountains of Kurdistan, rising abruptly in many parallel ranges from 
the plains of Mesopotamia, form its southern face, and spread their 
ramifications wide # over its surface. They are r^pt by deep ra\incs,' 
and in many places are so* nigged that communication .between the 
villages is always difficult, and in winter impracticable from the 
depth of snow. The line of perpetual snow is decided and even 
along their sides ; their flanks are wooded, and their valleys popu- 
lous and fertile. * 

A thousand square miles of Kurdistan is occupied by the brackish 
l ake Va n, which is seldom frozen, though 566 feet above the sea# 
and surrounded by lofty mountains. 

The Persian mountains, of which Elbruz is the principal chain, 
extend along the northern brink of the plateau, from Armenia, 
almost parallel to the shores of the Caspian Sea, maintaining a con- 
siderable elevation up to the volcanic peak of D&navend, near 
Tehrfin, their culminating point, which, though 90 miles inland, is 
a landmark to sailors on the .Caspian. Elevated offsets of these 
mountains cover the volcanic table-land -of AzeMjan, one of the 
most fertile provinces pf Persia : there the Koh Salavan elevates its 
volcanic cone. Beautiful plains, pure streams, and peaceful glades, 
interspersed with villages, lie among the mountains ; and the Yale 
of Khosran Shah, a picture of sylvan beauty, is celebrated as one 
of the five paradises of Persian poetry. The vegetation at the foot 
of these mountains on the shores of the Caspian has all the exu- 
berance of a tropical jungle. The Elbruz decreases in height to 
the east of Demavend, and then joins the mountains of Khorasan 

D 
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and the Paropamis&tf range, which appear to be chains of mountains 
when viewed from the low plains of Khorasan and Balkh, but on 
the table-land of Persia they merely form a broad hilly country of 
rich soil, till they join the Hindoo Coosh. 

In fact, mountains which bound table-lands have no existence in- 
dependent of them, being merely their mountainous faces, the highest 
ranges of which abut on these elevated plains, and rise more or less 
above them. It is thus that the table-land of Iran is bounded for 
1000 miles along the Persian Gulf and Indian Ocean by a moun- 
tainous belt of from three to seven parallel ranges, having an ave- 
rage width of 200 miles, and extending frbm the extremity of the 
Kurdistan Mountains to the mouth of the Indus. The ^Lasistan 
Mountains, which form the northern part of this belt, and bound 
the vast 'level plain of the Tigris, rise from it in a succession of high 
table-lands divided by vsry rugged mountains, the last ridge of 
which, mostly covered with snoV, abuts on the table-land of Persia. 
Oaks clctho their flanks ; the valleys are fertile, verdant, and culti- 
vated ; and many rivers flow through them to swell the stream of 
the Tigris. Insulated hill-forts, from 2000 to 5000 feet high, occur 
in this region, on flat cultivated summits some miles in extent, often 
accessible only by ladders, or holes cut in their precipitous sides. 
Those countries abound in ancient inscriptions and remains of an- 
tiquity. The moisture decreases more and more, as we proceed 
south from Shiraz ; and then the parallel ridges, repulsive in aspect 
and difficult to pass, are separated by arid longitudinal valleys, whiJffl 
ascend like steps from the narrow shores of the Persian Gulf to the 
table-laiid. The coasts of the gulf are burning sandy solitudes, so 
completely barren that the country from Bassora to the Indus, a 
distance of 1200 miles, is nearly a sterile waste. In the few favoured 
spots on the terraces, but only where <water occurs, there is vegeta- 
tion ; and the beauty of these valleys is enhanced by siittpunding 
sterility. 1 v 

With the exception of Mazanderan and the other provinces bor- 
dering upon the Caspian, and in the Patopamisan range, Persia is an 
arid region, possessing few perennial springs, and not one great river. 
IrffacF," Chree-ienths of the country is a desert, and the table-land is 
nearly a wide tone ,of desolation. A great salt desert occupies 
27,000 square miles between Irak and Khorasan, of which the soil 
is a stiff clay, covered with efflorescence of common salt and nitre, 
often an inch thick, varied only by a few saline plants and patches 
of verdure in the hollows. This dreary waste joins the large sandy 
and equally dreary desert of Kerman. Kelat, the capital of Beloch- 
istan, is 7000 feet above the level of the sea : round it there is 


1 Sir John Malcolm on Persia, and Mr. Morier’s Travels. 
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cultivation, but the greater part of that country is a desert plain, 
over which the brick-red sand is 'drifted by the wind into ridges 
like the waves of the sea, often 12 feet high, without a vestige of 
vegetation. The blast of the desert, whose hot and pestilential 
breath is fatal to man and animals, renders these dismal sands im- • 
passable at certain seasons. 

Barren lands or bleak downs prevail at the foot of the Lukee and 
Solimaun ranges, formed of bare porphyry and sandstone, which skirt 
the eastern edge of the table-land, and dip to the plains bordering on 
the Indus. In Afghanistan there is little cultivation except on the 
banks of the streams 9 that flow into the Zerrah Lake, bift fertility 
reappears towards the north-east. The plains and valleys among 
the offsets from the Hindoo Coosh arc of surpassing .loveliness, and 
combine the richest peaceful beauty with the majesty of the snow- 
capped mountains by which they are epcirqjed.. 

The elevated chain of the Hindoo Coosh, which occupies the ter- 
restrial isthmus between the low lands of Hindostan«ahcTBukharia, 
takes its name from a mountain 20,232 feet above the level of the 
sea, north of the city of Cabul. To the west, this chain is very 
broad, extending oyer many degrees «of latitude, and covers the 
countries of Kafferistan, Koonduz, and Budakshan, with its offsets. 
From the plains to the^ south it seems to consist of Jour distinct 
ranges rising one above another, the last of which is so high that its 
snowy summits are visible at the distance of 150 miles. A ridge of 
considerable height encloses the beautiful valley of Cashmere, at the 
extremity <Tf which the Himalaya may be said to begin. The passes ' 
over the Hindoo Coosh are mere defiles. There are six from Cabul t 
to the plains of Turkistan ; and so deep and so much enclosed are 
they, that Sir Alexander Bumes never could obtain an observation 
of the pole-star during the «vhole journey from Bameean till within 
30 miles of Turkistan. 
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CHAPTER IV. 

The High Lands of the Great Continent, continued — - The Oriental Table* 
Land and its Mountains. 

The peat table-land of Eastern Asia extend# through 30 degrees of 
longitude from the sources of the Oxus to those of the Hoang-Ho or 
Yellow River of China. The height of this enormous protuberance 
is small td the* north compared with that of Tibet which forms its 
summit, the lofty plain of which rises to the mean elevation of froi^ 
15,000 to 16,000 feet a&ve'the sea along its southern edge, next to 
the Himalaya^ The Himalaya bounds Tibet on the south and the 
Kuen-kin on the north, but neither the one nor the other have any 
existence .as separate chains of mountains unconnected with the 
table-land, they merely fopn protuberances on its southern and 
northern faces. ) The plateau of Yarkandi and Khotan, of less ele- 
vation than Tibet, lies north of the 3£ jien-lun, and is bounded on 
the north By f the l y hian Shan or Celestial Mountains, north of 
which Mongolia and the desert of the great Gobi, are not more 
than 3000 feet above the level of the sea, and are boimded by 
the Altai which terminates the table-land on the north^ s^parating 
it from the plains of Siberia. The table-land and ill'thetie monn r 
{tains run nearly from west to east, nevertheless liief^Alt»i aid 
Himalaya diverge in their 1 * eastern course, so that Hie table-Mfid, 
which is only 700 or 1000 miles wide, at its western extremity, is 
2000 between the Chinese province of Yun-nan said the country of 
the Mantchou Tonguses. 

This elevated mass of table-lands and mountains ends abruptly 
about 71° 30' K. long, where the lofty »chain of this Beloot-Tagh, 
Bolor, or Cloudy Mountains, detaches itself from the Hindoo Coosh, 
and running north to join the Thian-shan, shuts in Tungut on the 
west. It forms the magnificent mountain-knot! $$Tsung-ling with 
the Kuen-lun, in the centre of which lies^f Jv small table-land 
of Pamir, 15,630 feet above the leveV efith£ sea, called by the 
^natives the Bami-Dunga, or “Terrace^ Roof of the World.” Its 
great elevation was made known by tile celebrated Venetian tra- 
veller Marco Polo six centuries ago. It is the water-shed of this 
part of the table-land ; the Amu or Oxus issues from the western 
extremity of the small Alpine lake, Sir-i-Kol, situated on this 
elevated plateau, and the rivers of Yarkand and Kokan*riso towards 
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the eastern side of the plain which is intensely cold in winter, but 
in summer it is covered with flocks of sheep and goats. 1 From here 
the table-land of Tibet sinks down by a succession of terraces through 
the countries of Bokhara and Balkh to the deep cavity in which 
the Caspian Sea lies. Two narrow difficult passes lead over the 
Beloot Tagh from the low plains of independent Turkistan to Kashgar 
and Yarkand on the table-land of Chinese Tartary. 

The table-land, and consequently the Himalaya, run from N.W. 
to S.E. from the debouche of the Indus to that of the Brahma- 
pootra, and along that line there extends the vast unbroken.pUin of 
Hindostan, which is prolonged southward to the Bay of Bengal on 
ohe hand, while on the other it extends along the foot of the Himalaya 
where it is 1200 feet above the level of the sea : the transition from 
the plain to the mountains is sudden. The Siwallk hHls or sub- 
Himalayan range rise abruptly from the perfectly flat country, their 
height varies from a few hundred to 6000 or '4000 feet, and they 
run along the whole southern edge of the Himalaya. Th*y present 
a steep face towards the plains, while they slope gently inwards 
and form a shallow valley between them and the next line of 
mountains which runs parallel, but at a distance of from 5 to 
10 miles. This longitudinal depression is broken into short 
separate valleys by occisiojyd junctions of the parallel ranges 
of hills. East'of the Ganges it becomes a* pestilential swamp, 
covered with reeds and grasses. It is followed on fhe north by a 
band about ten miles broad, generally covered by forest and 
remarkable# for want of water. Here a range of 7000 feet high 
runs parallel to the Siwalik hills, north of which lie th» peaceful 
and well cultivated valleys of Nepaul, Sikim, Bhotan and Assam, 
interspersed with picturesque and jpofulous towns and villages. 
Behind these again are mountains from 10,000 to 12/XK) feet high 
flanked by magnificent forests, and then the chains rise rather 
abruptly, and form the wonderful range of the elevated Himalaya, 
the “ Dwelling of Snow,” which surpasses in height all other parts 
of the earth’s surface. 

The mean heigh t of the Himalaya ig. very great (15,670 feet, 
according to Humboldt). Captain Gerard and Ms brother esti- 
mated that it could not be less than 2.0,000 f«et, the peaks ex- 
ceeding that elevation are not to bq numbered, especially near 
the sources of the Sutlej and Ganges. Indeed from that river to 
the Kalce the chain exhibits an endless succession of some of the 
loftiest mountains on earth ; 40 of them surpass the height of 
Chimborazo, one of the most celebrated of the Andes, and several 
in Kui^aon andGarhwal exceed 23,000 feet, but the highest of all — 
Mount Everest, between Nepaul and Sikim — is 29,002 feet above 
1 Lieut. Wood, Journey to the Source of the River Oxas, l vol. 8vo. . 
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the level of the sea according to the recent measurements of Colonel 
Waugh. The greatest peaks are generally 80 or 90 miles from the 
south&n edge of the chain, and are not found in a continuous ridge, 
but Rouped together in masses separated by deep depressions, through 
which the streams flow that drain these parts of the mountains. 
Captain Strachey mentions that in Kanor there is a small table-land 
the counterpart of Pamir ; on both there is a lake 15,000 feet above 
the level of the sea, imbedded in mountains 19,000 feet high, with 
the same fauna of the domestic yak and wild sheep. The descent 
to the plains of India is extremely rapid from the table-land, espe- 
cially in . Bhotan, being more than 10,000 feet in 10 miles. The 
valley's are mere crevices, so deep and narrow, and the mountain^ 
that overhang in menacing cliffs so lofty that these abysses are 
shrouded in perpetual gloom, except where the rays of a vertical 
sun penetrate their depths, and from the steepness of descent the 
rivers shoot down with the swiftness of an arrow, filling the caverns 
with foanfeaud the air with mist. 

The .valleys between the snowy peaks are little more than 
gigantic ravines, with streams flowing in narrow channels, which 
at intervals open out into alluvial flats capable of agriculture. 
After passing the^ line in wWh the greet peaks are situated, the 
ascent and the elevation of the bottc^js of the valleys become very 
rapid, which shows ‘that the sudden incr6ase in the height of the 
mountains in that line is not confined to the peaks, but is a general 
elevation of the whole mass. 

The glaciers in the Himalaya are numerous and very large, yet 
till lately they wero not supposed to exist. The lowest level to 
which any is known to descend is 11,000 feet above the sea level, 
but l? , 000 . feet is the mfcre usual elevation of their extremities 
on the S. declivity. On the north side, of the mountains they ter- 
minate at about 16,000 feet, and their motion is analogous to that 
observed in the Alps. 

According to Mr. Strachey the snowline on the south of the 
Himalayan movntains is at a height of 15,500 feet; while, on 
account of the dryness of the atmosphere, it ascends to 19,000 or 
20,000 on the nbrth of the chain. 

The Himalaya ^still maintains great height along the north of 
Assam; and where the* Brahmapootra cuts through it, the parent 
stem and its branches extend in breadth over two degrees of lati- 
tude, forming a vast mountain-knot of great elevation. Beyond 
this point nothing certain is known of the range, but it or some of 
its branches are supposed to cross the southern provinces of the 
Chinese empire and to end in the volcanic island of -Formosa, 

Nature has in mercy mitigated the intense rigour of the cold in 
these high lands in a degree unexampled in other mountainous 
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regions. The climate is mild, the Talleys are verdant and in- 
habited, com and fruit ripen at elevatiqns which in other countries 
— even under the equator — would be buried in permanent snow. 

It is also a peculiarity in these mountains that the higher the 
range the higher likewise is the limit of snow and vegetation. On 
the southern slopes of the first range Mr. Gerard found cultivation 
10,000 feet above the sea, though it was often necessary to reap 
the com still green and imripe ; while in Chinese Tartary crops «of 
barley are raised 16,000 feet above the sea. Captain Gerard saw 
pasture and low bushes up to 17,009 feet ; and com as high as 
even 18,544 feet, which .is 2800 feet higher than the top of' Mont 
Blanc,, and 1279 feet above the snow-line in the province of Quito 
under the equator. Birch-trees with tall stems grow at the ele- 
vation of 14,068 feet, and the vine and other fruits thrive in the 
valleys of these high plains. The temperature of the earth has 
probably some influence on the vegetation*;* as -many hot springs 
exist in the Himalaya at great heights, there must be a source of 
heat beneath 'these mountains, which in some places* comes^ near 
the surface and possibly may be connected with the volcanic fires 
in the central chains of the table-land. Hot springs abound in the 
valley of Jumnotra ; and it is well "known that many plants 
thrive in very cold air if tlieir rpots are well protected, this may be 
the cause of pine-trees tliHiviug at great elevations in thaj valley, 
and of the splendid forests of the Deodar, a species df cedar that 
grows to a gigantic size even to the verge of the snow line. 

Most of tl^e passes over the Himalaya are but little lower than 
the top of Mont Blanc, many are higher, especially near thq Sutlej, 
where they are from 18,000 to 19,000 feet high. That north- 
east from Khponawur is 20,000 feet above the sea level — and one 
crossed in 1856 by the brothers Sclila*gintweit, in the Karakorum, 
range, is the highest that has-been attempted. All are extremely 
difficult of access ; and the fatigue and suffering from the rare- 
faction of the air is not to be described. Animals are as much 
distressed as human beings, and many die in consequence ; thou- 
sands of birds perish from the violence of the wind, the drifting 
snow is often fatal to travellers, and violent thunder-storms add 
to the horror of the journey. The Niti pass , by f which Moorcroft 
ascended to the sacred lakes of R’akas and Manasarowar in Tibet 
is extremely difficult. He and his gufde had not only to walk 
barefooted, from the risk of slipping, but they were obliged to creep 
along the most frightful chasms, hQlding by twigs and tufts of 
grass, and sometimes they crossed deep and awful crevices on the 
branch of a tree, or on loose stones thrown across. Yet these are 
the thoroughfares for commerce in the Himalaya, never repaired 
nor susceptible of improvement. 
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The loftiest peaks, being precipitous, and therefore bare of snow, 
j^ives great variety and beauty to the scenery, which in these passes 
is at all times magnificent. During the day, the stupendous mass 
the mountains, their interminable extent, the variety and sharp- 
ness of their forms, and above all, the clearness of their distant 
outline melting into the pale blue sky, contrasted with the deep 
azure above, is described as a scene of wild and wonderful beauty. 
Aj midnight, when myriads of stars sparkle in the black sky, and 
the pure blue of the mountains looks deeper still, below the white 
gleam of the earth and snow light, the effect is of unparalleled 
grandeur, $nd no language can describe tt^ splendour of the sun- 
bearps at daybreak streaming between the high peaks and throwing 
their gigantic shadows on the mountains below. There, far above 
the habitation of man, no living thing exists, no sound is heard, the 
very echo of the traveller’s footsteps startles him in the awful solitude 
and silence that reigns dti t fcesc august dwellings of everlasting snow. 

On arriving at the table-land by the Niti pass a traveller finds 
himself JRi a^vide-spreading plain, stretching to the north-west as far 
as the # eye can reach, without sign of water, vegetation or animal life. 
Behind rise mountains that fade away in the distance, with here 
and there only a peak coveted with snow. These mountains are by 
no means so highfas the Himalaya the south of the plain, yet they 
contain the Kailas* 22,000 feet hign, apd another 20,500. The 
plain varies in ' height "from" 10,000 to 15,000 feet above the sea. 
Moorcroft gives a fearful account of it. “ In summer the sun is 
powerful at midday, the air is of the purest transparency, and the 
azure of,the sky so deep, that it seems black as in the darkest night. 
The rising moon does not enlighten the atmosphere, no warning 
radiance announces her approach till her limb touches the hoSjBon 
and the stars shine with the distinctness and brilliancy of suns. In 
southern Tibet the verdure is confined to favoured spots ; the ble^k 
mountains and high plains are sternly gloomy, a scene of barren- 
ness not to be conceived. Solitude reigns in these dreary wastes, 
where there is not a tree nor even® slp*ub to be seen. of more than 
a few inches iiigh. The scanty short-lived verdure vanishes in 
October : the country looks then as if fire had passed over it, and 
cutting dry winces blow with irresistible fury, howling in the bare 
mountains, whirling the snow through the air, and freezing to 
death the unfortunate traveller benighted in these regions.” This 
plain consists of two parts, that to the east, which is much 
encroached upon by mountains, contains the lakes R’akas and 
Manasarowar, celebrated in the sacred legends of the Hindus. 
They lie in a deep recess at the foot of the Gangri mountains, at an 
elevation of 15,000 feet. “ The islands and innumerable headlands 
of the former, the intensely lovely blue of its waters, i\ith its snowy 
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breakers, and Kailas’s snowy dome in the background, formed a 
scene of uncommon beauty, marred, however, by utter desolation 
and southern blasts that chill to the bone.” 

To the west this desolate plain is much broader and more exten- 
sive ; it is 15,000 feet high in its central part and is cut through by 
the Sutlej, which issues from the R’akas lake and flows at the 
bottom of a deep ravine furrowed out of the alluvial matter of the 
plain to a depth of 3000 feet. Ravines, the slopes of which arc 
often almost as even and straight as a railway cutting, for miles 
together intersect this* plain of Guge. One mentioned? by Captain 
Strachey is about a mile deep, and their extraordinary magnitude 
is such that Moorcroft talks of their slopes as mountains over- 
hanging the plain out of which they are cut. There &re St>me other 
plains in different places, tut none so extensive as that of Gugc. 
Captain Strachey describes Western Tibet &s consisting of a dense 
mass of huge rocky mountains whoso habitable, or ev^n accessible, 
valleys bear but a small proportion to the solid mass of mountains 
too steep and high for any human use. The loftier summits rise 
in all quarters to an elevation of 4 miles above the sea, a few of the 
highest yet measured are yearly 5, ancf the meap elevation about 
20,000 feet. The mountains, we ver, are by no means disposed.in 
a confused mass*; they extend from N.N.W. to S.S.E.*in regular 
parallel chains separated by long valleys, in which flow the upper 
courses of the Indus and Brahmapootra rivers. Short transverse 
ridges connect the main ranges in some parts, cross fissures cut them 
in others, and projecting spurs descend from them into the valleys. 
The habitable part of this country is situated in the valleys, and is 
very limited. The town of Leh, the capital, which has an absolute 
’ elevation of 11,800 or 12,000 feet, may be taken as «he average 
height of all the inhabited valleys of Ladak. 

Glaciers are rare in Tibet on account of the dryness of the air, 
and lie mostly on the north side of the Himalaya, and on the 
Karakorum range, where they are very extensive.# But notwith- 
standing the severity of the climate the Tibetans cross the passes 
which are between 18,000 and 19,000 feet high even # in winter. 

The river system is one of the principal, features of Tibet. The 
water-shed of the Indus %nd Brahmappotra is a transverse ridge 
that runs north from the Himalaya to the Karakorum which 
divides the country into two basins of drainage. The major axis of 
both rivers lies parallel to the longer axis of the table-land till they 
attain the extremities of Indian Tibet, where they turn sharply and 
flow in deep crevices to the plains of India. These two great 
streams together with the Sutlej are the only rivers of Tibetan 
origin that water the plains of Hindostan ; all the rest come from 
the Himalayan water-slied which is 25 miles to the north of the 

pi 0 
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line of the great snowy peaks, or from the faee of the moun- 
tains* 

Bain is hardly known in Tibet, and the whole amount of snow 
that fell during two years that Captain Strachey spent at Leh was 
little more than 20 inches. There is a total absence of thunder and 
lightning, and the air so completely loses its conducting power that 
a person clothed in sheep skins becomes so highly charged as to 
give out long sparks on touching a conducting substance. 

Even, in these elevated regions wheat and barley grow in sheltered 
places, and Aany of the fruits of southern Europe ripen. The city 
of H’Lassa in eastern Tibet, the residence of the Grand Lama, is,, 
surrounded by vineyards, and is called the “Realm of Pleasure,” 
There arer sorAe trees, but the ground in cultivation in Eastern 
Tibet bears a small proportion to the grassy steppes which extend 
in endless monotony, grazed* by thousands of the shawl-wool goats, 
sheep, an^csttle. 

From the parallelism of the mountain chains in Tibet, that 
of the line of greatest elevation of the Himalayan peaks, and of 
the ridge of low hills at their base, Captain Strachey infers that 
the whole mass h$s been raised from th*i bottom of the ocean by 
one general agency, which is confined by its geological structure. 
The quantity of granfte is small, and very rarely expands into moun- 
tain masses. 'Stratified crystalline rocks, especially gneiss, form the 
crest of the Himalaya and mountains in Tibet, and in both paUcozoic 
beds immediately succeed the crystalline. But the- most remark- 
able feature of these high lands is, that the plain of Tibet is of com- 
paratively recent origin, consisting of a deposit of boulders and 
gravel in horizontal strata, 1 ; rising to an elevation of about 15,000 
feet without any sensible disturbance. In the plain of Gnge bones 
of the elephant, rhinoceros, hopse, and a new species of ruminant 
occur in this deposit ; creatures whose existence would ’be a physical 
impossibility in the present climate ; so that it is nefcessary to sup- 
pose they were elevated from a lower situation by some great geo- 
logical cataclysm. A very long line of the older fossiliferous rocks 
about 20 or 30 miles north of the great Himalayan peaks must 
have been a sea ©margin from the earliest periods of the earth’s 
history till as late as the Qolitie period. • Tertiary strata occur in 
the Niti pass 17,000 feet above the sea, and even higher still, and 
probably the plain of Tibet was raised above the sea to its present 
position since the tertiary period. There had been a great volcanic 
outburst near the sacred lakes. Hot springs are frequent both to 
the south aud north of the line of great peaks. 

There are many salt lakes in Tibet ; that of Panzou, which has 
an area of 6500 square' mites, lies in a serpentine form at the foot 
of the Karakorum mountains. Although boracic acid exists in abun- 
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dance in the hot springs of Central Tnscany, and in an extinct 
cratej in the island of Volcano, Tibet is the only place where 
natiygjinc al or Jao rate of soda is found. 

Of EasTernTfbet by mucElhe greater half remains to be explored, 
and the Kuen-lun which bounds Tibet on the, north is almost 
unknown. It extends eastward from the mountain-knot of the 
Tsubg-ling in two branches, which surround lake Tengri-Nor, and 
again unite in the K’han of Eastern Tibet. The most southerly 
branch, the Karakorum, or Ice Mountains, have only been vis • ted 
by European'' travellers jin three points ; but chains more oV less 
connected with these form an elevated mountain mass round 4ake 
Koko-Nor, nearly in the centre of the table-land from whence those 
immense mountain ranges diverge which render the SQuth-westem 
provinces of China amongst the most elevated regions on earth. 1 

Yarkand and Khotan, provinces of Chinese Tartary, lid to the 
north of the Kuen-lun. They are less elevated and more fertile 
than Tibet ; yet it is so cold in winter that the., river of Yarkand is 
frozen for three months. They are watered by five rivers" and 
contain several large cities. Yarkand, the most considerable of 
these, is the emporium of comtherce between Tibet, China, Tur- 
kestan, Bokhara, Persia, and Kujpia. Gold, rubied silk, and other 
productions are exported. • This country is bounded on fhe north 
by the Tartar range of the Thian-Shan, or Celestial* Mountains, 
which begin at the northern extremity of the Bolor, and, running 
along the 42nd parallel of latitude, sink to the desert of the Great 
Gobi, about the centre of the table-land, but rising again, Jhey are 
continued under the name of Shan-Gaijan, which runs to the north- 
east and ends on the shores of the Japa*i Sea. This range is of 
great altitude; the Bogda Oola, or *• Holy Mountain,” near lake 
Lgp is always covered with •snow, which lies deep on the whole 
chain during the winter, yet little falls on the plains on account of 
the dryness of the air. There are only two or three showers of 
rain annually on these mountains for a very short time, and, as in 
Tibet, the drops are so minute as scarcely to wet the ground, yet 
the streams from them suffice for irrigation. • 

In Tibet granite and palaeozoic strata prevail without any indica- 
tion of volcanic action, except hot springs, of which there are many. 
On the contrary, the Celestial Mountain^ are highly volcanic, and 

1 The authorities are Baron Humboldt, 4 Asie Centrale/ Mr. Keith Johnston's 

* Physical Atlas/ Captain Strachey on * Western Tibet/ and Mr. Moorcroft on 

* Journey in Tibet/ Dr. Thomson on ' Western Himalaya,’ and the missionaries 
Hue and Gabet on ‘ Eastern Tibet.’ Important information on the Himalaya 
generally may be expected from the journeys of the brothers Sehlagintweit, 
recently returned from a scientific exploration, undertaken at the instigation j 
of Humboldt, under the patronage of the King of Prussia, but at the expense 
of the British East India Company % 
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although so fat inland have two active volcanoes, one on each side of 
tile chain, that of Pe-shan on the northern declivity in the middle 
of the range, and the Ho-tcheau, 670 miles more to the east, on tho 
southern side. The country between the Thian-Shan and the Altai 
is hardly known farther than that grassy steppes, intersected by 
many lakes and offsets from the Altai, are the* pasture grounds of 
the wandering Kirghis. All the plains of Mongolia are 4ntehsely 
cold in winter, because the hills to the north are too low to screen 
them from the polar blast, and being higher than the Siberian 
deserts, they are bitterly cold : no month jn the year is free from 
frost and snow, yet it is not deep enough to prevent cattle from 
finding pasture. 

The most, remarkable feature of this part of the table-l&nd is the 
desert of the Great Gobi, which is evidently the bed of a dried-up 
lake. It occupies an, arga of 300,000 square miles, interrupted 
only by a few spots of pasture and low bushes. Extensive tracts 
are flat' and covered with small stones or sand, and widely sepa- 
rated ‘from one another are low hills destitute of wood and water. 
Its general elevation is 4220 or 3000 feet above the level of the 
sea ; but it is intersected from west to oast by a depressed valley, 
aptly named Shamo, or the “ Sea vof Sand,” containing salt. West 
from it lies the *Han-Hai, the^Dry,. Sea,” a barren plain of 
shifting" sand blown Info high ridges. Ilcrc, as in all deserts, 
the summer sun is scorching, no rain falls, and when thick 
fog occurs it is only the precursor of fierce winds. Sandy deserts 
occupy piuch of tho country south of the Chinese branches of the 
Altai. The Great Gobi is bounded on the east by the In-Shan and 
Kliing-han mountains, a serrated granitic chain running from sj^th 
to north, which separates the plateau of Mongolia from the country 
of Manchouria, and joins the Yablondi branch of the Altai at right 
angles about the 55th degree of north latitude. Little more is 
known of the south-eastern paTt of the table-land than that it is a 
mass of exceedingly high mountains. In fact, between the sources 
of the Brahmapootra and the Altai chain, one million of square 
miles of the Chinese empire is covered with mountains. 

The extreme (Jryncss of all the table-land north of the Himalaya 
arises from the direction of the wind# and the great height of 
these mountains and the southern part of the table-land in general. 
The prevailing winds come warm and moist from the Indian 
Ocean, and their vapour is moje and mom condensed into rain as 
they pass over the plains of India and the lower ranges of the 
Himalaya, till the last remains of moisture falls in snow on the 
tops of these mountains, so that they pass to the north as dry rain- 
less winds. 4 

The Altai mountains, which form the northern margin of the 
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table-land, are unconnected with the Ural chain : they are separated 
from it by 400 miles of a low marshy country, part of the steppe of 
the Kirghiz, and by the Dalai mountains, a range never exceeding 
2000 feet m height, which runs between the 64th meridian and the 
left bank of the Irtish. The Altai chain rises on the right bank of 
that nver, at the north-west angle of the table-land, and extends 
in a serpentine lme to the Pacific, south of the Gulf of Okhotzk, 
dividing the high lands of Tartary and China from the wastes of 
Asiatic Siberia Under vanous names, its branches skirt the north- 
west side of the Sea of Okhotzk , and thence stretching to Behnng 
Strait, it ends at East (Jape, the most eastern extremity of th$ old 
continent, the whole length of the chain being 4500 miles The 
breadth of this chain varies fiom 400 to 1000 miles^ but towaids 
the 105th meridian it is contracted to about 150 by a projection of 
the desert of the Great Gobi Its height bgirs no proportion to its 
length and breadth. The Altai, the only part of the chain propeily 
so called, consists of a succession of tci races of a sw outline, 
descending by tei races from the tableland, and ending in tile pio- 
mon tones on the Sibenan plains There are numeious large lakes 
on these ten aces and m the valleys, as in tho mountain systems 
of Europe The general toxin of this pai t of the chain is monotonous 
fiom the pie valence of styught fines and smooth rounded^outlines*— 
long lidgcs with flattened summits or small table-lauds fiofc moio 
than 6000 feet high, which lardy attain the line of perpetual con^* 
gelation snow, however, is permanent on the Koigon table-land, 
9000 iect alxive the sea, supposed to be the culminating point of 
this part of the chain These tihlo- lands ben a stiong resemblance 
to those m tho Scandina^ lan mountains yi barrenness and sterility, 
but their flanks are clothed with forests, verdant meadows, ai^ 
pastoral \ alleys 

East of the 86th meridian this region of low mountains splits 
into three branches, enclosing longitudinal \ alleys for 450 miles. 
The Sayansk and Tangnou mountains, which aie the northern and 
central branches, form a mountain-knot nearly as lafge as England, 
which projects like a huge promontory on the Siberian plains 1 west 
of Lake Baikal, and is celebrated foi the richness of its mines T he 
third branch, which is the Ulangomula, lies south of Lake Oubsa 
The principal part of the Baikal group is? 500 miles long, from 10 to 
60 wide, high, and snow-capped, and said to be without glaciers 
It flanks Lake Baikal on the north, the largest of Alpioe lakes, so 
embedded in a knot of mountains, ^partly granitic, partly volcanic, 
that rocks and pillars of granite nse from its bed. The mountains 
south of the lake aie but the face ot the table-land , a traveller 


1 Johnston's Physical Atlas. 



Chap. IV, 


■fa PHYSICAL GEOGRAPHY. 

ascending them finds himself at once on the desert of Gobi, which 
stretches in unbroken monotony to the great wall of China. 

The Daouria mountains, a volcanic portion of the Altai, which 
borders the table-land on the north-east, follow the Baikal chain ; and 
farther east, at the sources of the Aldan, the Altai range takes the 
name of the Yablonnoi Khrebet, which runs N.N.E. till about the 
126th meridian, where one branch turns sharp to the east, and 
stretches south of the Gulf of Okhotzk to the coast of the Pacific 
opposite to the island of Saghalean ; while another part, 1000 miles 
broad, 'fills the space between the Sea of ^Okhotzk and the river 
Lengfc and then, bending to the north-east, ends in the peninsula 
of Kamtchatka. Between the western end of Lake Baikal and the 
t Yablonnoi KJirebet the mountain-chains are parallel, and extend 
f from the* W.S.W. to the E.N.E., which is the general direction of 
* the high lands in the most easterly regions of Asia. 

A great part of the Altai chain is unknown to Europeans ; the 
innumeriffiitrtbranches that penetrate the Chinese empire are com- 
pletely so ; those belonging to Ilussia abound in a great variety of 
precious and rare metals and minerals — silver, copper, and iron. 
In the Yablonnoi range and other parts there are mountains of 
porphyry, with red and green jasper ; coal is also found ; and in a 
branch of Jhe Altai rbetwecn the rivbrs Qbi and Yenissei there are 
mines of coal* which, having been set on fire by lightning, have con- 
tinued to bum for more than a century. The SiberianjmountaiDS 
far surpass the Andes in the richness of their gold-u^in^s* though 
inferior to those of California and Australia. The eastern flank of 
the Uraf chain, and some of the northern spurs of the Altai, have 
furnished a vast quantity of that precious metal ; but a region as 
large as France has lately been discovered in Siberia covered with 
rich gold alluvium. The precious metals of the tJral and Altai are 
situated principally in mctamorphic rocks, adjacent to the green- 
stones, syenites, and serpentines that have caused their change ; 
and as the same formation prevails throughout the greater part of 
the Altai and Aldan chains almost to Kamtchatka, there is every 
reason to believe that the whole of that vast region is auriferous : 
besides, as many of the northern offsets of the Altai are particularly 
rich, it may be concluded that the southern branches in the Chinese 
empire are equally so. Thus Southern Siberia and Chinese Tartary 
form an auriferous district, probably greater in area than all Europe, 
which extends even to our dominions in Hindostan, where the 
formations containing auriferous deposits are unexplored. 1 

The sedimentary deposits in this extensive mountain-range are 
more ancient than the granite, syenite, and porphyries ; consequently 


1 Sir Roderick I. Murchison. 



diup. iv* 


ELEVATION OF THE ALTAI. 


63 


these igneous rocks have not here fortned part of the original crust 
)f the globe. Bocks of the Palaeozoic series occupy the greater part 
rf the Altai, and probably there are none more modem. There are 
no volcanic rocks properly speaking, ancient or modem, west of the 
Venissei ; but they abound from that river to Kamtchatka, where 
there are many active volcanoes. 

The physical characters and the fossil remains of this extensive 
mountain system have little relation with the geological formations 
of Europe and America. Eastern Siberia seems even to form in 
insulated district by itself ; and that part between the town of 
Vakutzk and the mouth of the Lena appears to have been railed 
at a later period than the part of Siberia stretching westward to the 
Sayansk mountains; moreover the most distinguished geologists 
have found that the low land of Siberia has been extended since 
the existing species of mollnsca inhabited •th&morthem seas — a cir- 
cumstance that must have rendered the Siberian climate still more 
severe, and materially affected that of all the northeflfparts of 
Europe and Asia. 1 The elevation of the western part of the Altai 
was probably contemporaneous with that of the Ural mountains. 
On the whole, the chains in # the direction*of parallels of latitude in 
the Old Continent are much mpfc numerous and 'extensive than 
those in the direction of dhe meridian; and an they li$ ^chiefly 
towards the equator, the internal forces that raised them were pro-i 
bably modified by the rotation of the earth. 

Such is the stupendous zone of high land that girds the old con- 
tinent throughout its whole length. In the extensive plains on each 
side of it, several independent mountain systems rise, though much 
inferior to it in extent and height. 

1 From the observations of Sir ^Roderick 1. Murchison, M. le Verneuil, 
M. Middendorf, and Count Keyserlmg. 
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CHAPTER V. 

Secondary Mountain Systems of the Great Continent — Thai of Scandinavia — 
Great Britain and Ireland — The Ural Mountains — • The Great Northern 
Plain. 

The Great ^Northern Plain is broken by two masses of high land, 
in every respect inferior to those described : they are the Scandi- 
navian system and 4he f Ural mountains, the latter forming the 
arbitrary limit between Europe and Asia. 

The *range of primary mountains which has given its form to 
the Scandinavian peninsula begins at Cape Lindesnaes, the most 
southerly point of Norway, and, after Tunning along its western 
coast 1000 miles in a net th -easterly direction, ends at Cape North, 
the extremity of Europe, on the J*olar Ocean. The mountains 
not form t a continued ridge or cham, buWa series* of broad plateaux? 
separated at wide intervals by deep and narrow valleys. The most 
characteristic of these table-lands is the Dovre-fjeld, 3000 feet high, 
on which Sneehiitten rises to 7620 feet. In the northern and narrower 
part of the peninsula the Kiolen mountains assume more the form of 
a ridge, rising in lat. 67° 30, Mount Sulitelma to 6200 feet, whence 
it falls in the north, till .at the North Cajxj it is only 1500 feet. It 
has been compared to a fiuge wave or billow, rising gradually from 
the east, which, after having formed a crest, falls perpendicularly 
into the sea in the west. It is estimated that nearly four thousand 
square miles of this peninsula rise above the line of perpetual snow. 

At the distance of 360 miles from Cppe, Lindesnaes the mountains 
form a single*eievated mass, terminated by a table-land which main- 
tains an altitude of 4500 feet for 100 miles. It slopes gradually 
towards the east, and plunges at once in high precipices into a deep 
sea on the west. • * 

The surface is barren, Aarshy, and bristled with peaks ; besides 
an area of 600 square leagues is occupied by the Snae Braen, the 
most extensive continuous m^s of perpetual snow and glaciers bn 
the continent of Europe. A prominent cluster of mountains follows, 
from whence a single chain, 25 miles broad, maintains an uninter- 
rupted line to the island of Mageroe, where it terminates its visible 
career in North Cape, a huge barren rock perpetually lashed by the 
surge of the Polar Ocean, but from the correspondence in geological 
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stucture it must be continued under the sea to.where it reappears 
in the schistose rockB of Spitzbergen. Offsets from these mountains 
cover Finland and the low rocky table-land of Lapland ; the valleys 
and countries along the eastern side of the chain abound in forests 
and Alpine lakes. 

The iron-bound coast of Norway is a continued series of rocky 
islands, capes, promontories, and precipitous cliffs, rent into chasms 
which penetrate miles into the heart of the mountains. These 
chasms, or fiords, are either partly or entirely filled by arms of the 
sea : in the former case the shores are fertile and inhabited, and the 
whole country abounds jn the most picturesque scenery. Fiords^ 
are not peculiar to the coast of Norway : they are even more ’expen- 
sive in Greenland and Iceland, and of a more stern character, over- 
hung by snow-clad rocks and glaciers. 

As the Scandinavian mountains, those of Faroe, Britain, Ireland, 
and the north-eastern parts of Iceland, ha^e^p similar character, and 
follow the same general directions, they must have been elevated 
by forces acting in parallel lines, and therefore may beT^garded as 
belonging to the same system. 

The Faroe islands, between Norway and Iceland, rise on a table- 
land 2000 feet high, bounded by precipitous cliffs which dip into 
the ocean. 

The two groups 'of rockj* islands ot Shetland and ot Uripiey forrfi 
part of the mountain system of Scotland ; the Orkney tsiancls tama , 
evidently been separated from the mainland by the Pentland Firth, 
where the currents run with prodigious violence. The north- 
western part of Scotland is a table-land from 1000 to 2Q00 feet 
high, which ends abruptly in the sea, covered with heath, peat- 
mosses, and pasture. The general direction of the Scottish moun- 
tains, like those of Scandinavia, is froth north-east to south-west, 
divided by a long line of lake^in the same direction, extending from 
the Moray Firth completely across the island to Loch Linnhe on the 
south-west. Lakes of the most picturesque beauty abound among 
the Scottish mountains. Thp Grampian hills, with their offsets and 
some low ranges, fill the greater part of Scotland north of the Clyde 
and Forth, Ben Nevis, only 4368 feet above the sea,«is the highest 
mountain in the British islands. , 

The east coast of Scotland is generally ’ bleak, though in many 
parts it is extremely fertile, and may be *cited as a model of good 
cultivation ; and the midland and southern counties are not inferior, 
either in the quality of the soil or thp excellence of the husbandry. 
To the west the country is wildly picturesque ; the coast of the 
Atlantic, penetrated by the sea, which is covered with islands, bears 
a strong resemblance to that of Norway. 

There cannpt be a doubt that the Hebrides formed part of the 
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ihainland at some ^remote geological period, sinoe they follow the 
direction of the mountain system in two parallel lines of islands, of 
rugged and imposing aspect, never exceeding the height of 3200 
feet. The undulating country on the borders of Scotland becomes 
higher in the west of England and North Wales, where the hills 
are wild, but the valleys are cultivated like gardens, and the English 
lake scenery is of the most gentle beauty. 

Evergreen Ireland is mostly a mountainous country, and opposes 
to the Atlantic storms an iron-bound coast of the wildest aspect ; 
but it is rich in arable land and pasture, and possesses the most 
picturesque lake scenery. Indeed, freshv^iter lakes in the moun- 
'taini v Alley s, so peculiarly characteristic of the European system, 
are the great ornaments of the high lands of Britain. 

The similarity in form in Scandinavia, and Scotland with its 
islands, and the north of Ireland, arises from the similarity in their 
geological structure, ali'bejng formed of crystalline rocks, mixed with 
volcanic ones. Even the older PalaK)zoic strata which constitute 
the moiKffiains of Norway, reappear in the midland and southern 
counties of Scotland, and in the north of Ireland ; and are developed 
on either side of St. George’s Channel, and in Wales, where they are 
of enormous thickness. Almost the whole of Ireland, and the central 
parts of England belong to the upccr Palaeozoic series ; and the old 
rfed sandqfone, many hundred feet" thick, stretches from sea to sea 
al^g tlie flaaks of the Grampians. The coal strata are develojjed 
on a great scale in the south of Scotland and the north of England. 
Examples of every formation, with the exception of # the muschel- 
kalk, ai;e to be found in these islands. Volcanic fires had been very 
active in early times, and nowhere is the columnar structure more 
beautifully exhibited than in the basaltic cliffs of Fingal’s Cave and 
the Storr of Skye, in the Hebrides ; and in the north of Ireland a 
base of 800 square miles of mica-slate ft covered with volcanic rocks, 
which end on the coast in the magnificent columnar precipices of 
the Giant’s Causeway, yarious parts of the British islands were 
dry land while most of the continent of Europe was yet below the 
ancient ocean. The high land of Lammermuir and the Grampian 
hills in Scotland, and those of Cumberland in England, were raised 
before the Alps tad begun to appear above the waves. 

The Ural chain, the boundary between Europe and Asia, is the 
only interruption to the fevel of the great northern plain, and is 
altogether unconnected with, and far separated from the Altai moun- 
tains by salt lakes, marshes, apd deserts. The central ridge may 
be traced from between the Lake of Aral and the Caspian Sea to the 4 
northern extremity of Novaia Zemlia, a distance of more than 1700 
miles ; but as a chain it really begins on the right bank of the Ural 
river, at the steppes of the Kirghiz, about the 51st degree of north 
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latitude, and runs due north in a long narrow ridge to the Karskaia 
Gulf of Kara, in the Polar Ocean, though it may be said to termi- 
nate in dreary rocks on the west side of Novaia Zemlia. The southern 
portion of the. Ural range is about the height of the mountains in the 
Black Forest and the Vosges ; and, with few exceptions, it is wooded 
to the top, chiefly by the Pinus cembra. The great mineral riches 
of these mountains — gold, platina, magnetic iron, and copper— are 
situated on the Siberian declivity and mostly between the 54th and 
60th degrees of north latitude : the only part that is colonized, and 
one of the most industrious and civilized regions of the Russian 
empire. To the south the«ohain is pastoral, about 100 miles broad, 
consisting of parallel and longitudinal ridges, the highest of which 
ioes not exceed 3500 feet : in this portion diamonds are found. The 
Northern Ural, which extends from the sources of the Petchora, and 
north of Petropaulovsk, is still more elevated : it has lately been care- 
fully explored by the Russian government asdar fis lat. 68° 30 / , where 
is situated perhaps the highest peak of the chain, the Konstaninow 
Kamen : the average height is about 3000 feet ; two of its fJeaks, the 
Toll Poss and Sabija, reach 5000 ; no part of it is covered with per- 
petual snow, although in the mountains of Norway, in the same 
latitude, the snow line descend^ to 3000 fee£ Throughout the Ural 
mountains there are neither precipices, transverse gorges, nor any of 
the characteristics of a high •chain ; the descent ok both sides # is so 
gentle that in many places it is difficult to know where* the plafe* 
begins ; and the road over the chain from Russia by Ekaterinburg is 
so low that it .hardly seems to be a mountain-pass. The gentle 
descent and sluggishness of the streams produce extensive marshes 
along the Siberian base of the range. To the arduous researches of 
Sir Roderick Murchison and M. de Vemeqjl we were indebted for 
almost ail we know of these mountains, uhtil the late Russian expe- 
dition sent out at the instigation of the Geographical Society of St. 
Petersburg under Colonel Hoffman. He found them, on the western 
side, to be composed of Silurian, Devonian, and carboniferous rocks, 
more or less altered and metamorphised ; on the eastern declivity 
the mines are in metamorphic strata, mixed with masses of igneous 
origin ; and the central axis is of quartzose and chloritis rocks. 

The great zone of high land which extends along thp old continent 
from the Atlantic to the shores of the Pacific *0<5ean divides the low 
lands into two very unequal parts. That to the north, only broken 
by the Ural range And the Valdai table-land of still less elevation , 
stretches from the Thames or the British hills and the northern bank 
of the Seine to Behring Strait, including more than 190 degrees 
of longitude, and occupying an area of at least 4,600,000 square geo- 
graphical miles, a third more than the whole of Europe. The greater 
part of it is perfectly level, with a few elevations and low hills, and 
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in many places a dead level extends hundreds of miles. The country 
between the Carpathian and Ural mountains is a flat, on which 
there is scarcely a rise in 1500 miles ; and in the steppes of southern 
Bussia and Siberia the extent of level ground is immense. The 
mean height of the level provinces of France is 480 feet. Moscow, 
the highest point of the European plain, is also 480 feet high, from 
whence the land slopes imperceptibly towards the sea, both on the 
north and south, till it dips below its level. Holland, on one side, 
would be overflowed, were it not for its dykes, and towards Astra- 
kan the plain sinks still lower. With the exception of the plateau 
of Ust-Urt, of no great elevation, situated between the Caspian and 
A*ai; and which may be considered the extreme southern point of 
the Ural chain, the whole of that extensive country north and east 
of thq,Caspian Sea, and around the Lake of Aral, forms a vast cavity 
of 18,000 square leagues, all considerably below the level of the 
ocean ; and the surfa*£ of the Caspian Sea itself, the lowest point, has 
a depression exceeding 82 feet. 

The^uropcan part of the plain is highly cultivated and very 
productive in the more civilized countries in its western and middle 
regions and along the Baltic. The greatest amount of cultivated 
land lies to the north dT the watershed which stretches from the 
Carpathians tO the centre of frp Ural chain, yet there are large 
'heaths which extend from the extremity of Jutland through Lune- 

.rg and Westphalia to Belgium. The land is of excellent quality 
to the south of it. Hound Polkova and Moscow there is an extent 
of the finest vegetable mould, equal in size to France and the 
Spanish peninsula together, which forms part of the High Steppe, 
and is mostly in a state of nature. ^ 

A large portion of the great plain is pasture-land, and wide tracts 
are covered with natural forests, especially in Poland and Russia, 
where there are millions of acres of $inc, fir, and deciduous trees. 

The quantity of waste land in Europe is very great, and there 
are also many swamps. A morass as long as England extends 
from the 52nd parallel of latitude, following the course of the river 
Prepit, a branch of the Dnieper, which runs through its centre. 
There are swamps at the mouths of many of the sluggish rivers in 
Central Europp. They cover 1970 miles in Denmark, and mossy 
quagmires occur frequently in the more northerly parts. 

Towards the eastern extremity of Europe the great plain assumes 
the peculiar character of desert called a steppe, a word supposed to 
be of Tartar origin, signifying a level waste destitute of trees : hence 
the steppes may vary according to the nature of the soil. They com- 
mence at the river Dnieper and extend along the shores of the Black 
Sea. They include all the country north and east of the Caspian Lake 
and Independent Tartary ; and passing between the .Ural and Altai 
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Ihountains, they may be said to occupy all the low lands of Siberia. 
Hundreds of leagues may be traversed east from the Dnieper with- 
out variation of scene. A dead level of thin but luxuriant pasture, 
bounded only by the horizon, day after day the same unbroken 
monotony fatigues the eye. Sometimes there is the appearance of 
a lake, which vanishes on approach, the phantom of atmospheric 
refractiog. Horses and cattle beyond number give some ani- 
mation to the scene, so long as the steppes are green ; but winter 
cobaes in October, and then they become a trackless field of spot- 
less snow. Fearful storms rage, and the dry snow is driven. by 
the gale with a violence which neither man nor animal can resist, 
while the sky is clear and the sun shines cold and bright abofl e 
the earthly turmoil. The contest between spring and winter is long 
and severe, for 

u Winter oft at once resumes the breeze, , 

Chills the pale morn, and bids his dfiving sleets 
Deform the day, delightless.” 

Yet when gentler gales succeed, and the waters run off in torrents 
through the channels which they cut in the soft soil, the earth 
is again verdant. The scorching summer’^ sun is as severe in its 
consequences in these wild regions js the winter’s cpld. In June 
the steppes are parched, no showed falls, nor does a drop of dew 
refresh the thirsty and rent earth. The sun rises and soft lik^a 
globe of fire, and during the day he is obscured by a Ihick mis? 3 
from the evaporation. In some seasons the drought is excessive : 
the air is filled with dust in impalpable powder, the springs become 
dry, and cattle perish in thousands. Death triumphs over animal 
and vegetable nature, and desolation tracks the scene to the utmost 
verge of the horizon, a hideous wreck. 

Much of this country is covei^d by an excellent but thin soil, fit 
for corn, which grows luxuriantly wherever it has been sown ; but 
a stiff cold clay at a small distance below the surface kills every 
herb that has deep roots, and no plants thrive but those which can 
resist the extreme vicissitudes* of climate. A very wide range is» 
hopelessly barren. The country from the Caucasus, along the 
shores of the Blacky and Caspian Seas —a dead flat, twic8 the size of 
the British islands — is a desert destitute of. fresh frater. Saline 
efflorescences cover the surface like hoar-frost. Even the atmos- 
phere is saline, and many salt lakes in the neighbourhood of Astra- 
kan furnish great quantities of common salt. Saline plants, with 
patches of verdure few and far between, are the only signs of vege- 
table life, but about Astrakan there is soil and cultivation. Some 
low hills occur in the country between the Caspian and the Lake 
of Aral, but it is mostly an ocean of shiftings, and often driven 
by appalling wHirlwinds. 
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Turkistan is a*sandy desert, except on the banks of the Oxus and 
the Jaxartes, and as far on each side of them as canals can convey 
the fertilising waters. To the north, barrenness gives place to ver- 
dure between the river Ural and the mountains of Central Asia, 
where the steppes of the Kirghiz afford pasture to thousands of 
camels and cattle, the riches of these wandering hordes. 

Siberia is either a dead level or undulating surface of xpore than 
7,000,000 of square miles between the North Pacific and the Ural 
mountains, the Polar Sea and the Altai range, whose terraces and 
offsets end in these plains, like headlands and promontories in the 
ocean. M. Middendorf, indeed, met wfeh a chain of most desolate 
fountains on the shores of the Polar Sea, in the country of the 
Samoydes ; and the almost inapproachable coast far to the east is 
unexplored. The mineral riches of the mountains have brought 
together a population who inhabit towns of some importance along 
the base of the Ural und Altai chains, where the ground yields 
good crops and pasture ; and there are forests on the slopes of the 
mountains and on the plains. There are many hundred square miles 
of rich black mould covered with trees and grass, uninhabited, be- 
tween the river Tobol and the upper course of the Obi, within a 
climate where corn wou'id grow ; but 0 this valuable district is studded 
with small lakes of salt and freSk water, a chain of which, 300 miles 
long,, skirts the base of the Ural mountains. 

•^North 'of the 62nd parallel of latitude com does not ripen on 
account of the biting blasts from the Icy Ocean which sweeps 
supreme over these unprotected wastes. In a higher latitude even 
the interminable forests of gloomy firs are seen no more : all is a 
wide-spreading desolation of salt steppes, boundless swamps, and 
lakes of salt and fresh water. The cold is so intense there that the 
spongy soil is perpetually ''frozen to the depth of some hundred feet 
below the surface ; and the surf ace itself, not thawed before the end 
of June, is again ice-bound by the middle of September, and'&eep 
snow covers the ground nine or ten months in the year. * Jf Hap- 
j>ily gales qf wind are not frequent during winter, but when they 
do occur no living being ventures to face them. Admiral Wfangel, 
who travelled during the most intense cold from the mouth of 
the river Kolyma to Behring Strait, gives an appalling account 
of these deserts. ’ “ Ilere endless snows and ice-covered Tocks 
bound the horizon, nature lies shrouded in all but perpetual winter, 
life is a constant conflict with privation and with the terrors of 
cold and hunger — the grave of nature, which contains only the 
bones of another world. The people, and even the snow smokes, 
and this evaporation is instantly changed into millions of needles of 
ice, which make a noise in the air like the sound of tom satin or 
thick silk. The reindeer take to the forest, or crowd together for 
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heat, and the raven alone, the dark bird of winter, still cleaves the 
icy air with slow and heavy wing, leaving behind him a long line 
of thin vapour, marking the track of his solitary flight. The trunks 
of the thickest trees are rent with a loud noise, masses of rock are 
tom from their sites, the ground in the valleys is rent into yawning 
fissures, from which Ihe waters that are underneath rise, giving off 
a cloud of vapour, and immediately become ice. The atmosphere 
becomes dense, and the glistening stars are dimmed. The dogs 
outside the huts of the Siberians burrow in the snow, and their 
howling, at intervals of six or eight hours, interrupts the general 
silence of winter.” 1 In many parts of Siberia, however, the sun, . 
though long absent from these dismal regions, does not leave' tHbm 
to utter darkness. The extraordinary brilliancy of the stars, and 
the gleaming snowlight, produce a kind of twilight, which .is aug- 
mented by the splendid coruscations of the aurora borealis. 

The scorching heat of the summer's sun ptodirfSes a change like 
magic on the southern provinces of the Siberian wildermjgp. The 
snow is scarcely gone before the ground is covered witnverjjure, 
and flowers of various hues blossom, bear their seed, and die in a 
few months, when Winter again resumes its empire. A still 
shorter-lived vegetation scartjply covers tile plains in the far north, 
and, oft the shores of the Icy ^ea, even reinde&r moss grows 
scantily. 

The abundance oi iur- bearing animals m tne less rigorous pan* 
of the Siberian deserts has tempted the Russians to colonize and 
build towns op these frozen plains. Yakutsk, on the river Lena, 
in 62° V 30" N. lat., is probably the coldest town on the earth. 
«The ground is perpetually frozen to the depth of more than 400 
feet, of which three feet only are thawed in summer, when Fahren- 
heit’s thermometer is frequently 77° ih the shade ; and as there is 
in some seasons no frost for tour months, larch forests cover the 
ground, and wheat and rye produce from fifteen to forty-fold. In 
winter the cold is so intense that mercury is constantly frozen two 
months, and occasionally evqp three. 

In the northern parts of Europe the Silurian, Devonian, and car- 
boniferous strata are widely developed, and more to the south they 
are followed in ascending order by immense tract? of the higher 
scries of secondary rocks, abounding in the* huge monsters of a 
former world, Yery large and interesting tertiary basins fill the 
ancient hollows in many parts of the plain, which abound with 

1 In 1820 Admiral (then Lieutenant) Wrangel travelled from the mouth of 
the Kolyma to Behring Strait on sledges drawn by dogs, and made a bold 
but vain attempt to reach the North Pole. Lieutenant Anjou, at the same 
time, sailed from the mouth of the river Tana, reached 76° 30 r of north lati- 
tude, and passed*round the group of islands of New Siberia. 
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the remains of animals that no longer exist. Of these the most 
important are the London, Paris, Vienna, and Moscow basins, with 
many others in the north of Germany and Russia ; and alluvial soil 
covers the greater part of the plain. In the east Sir Roderick 
Murchison has determined the boundary of a region twice as large 
as France, extending from the Polar Ocean to the southern steppes, 
and from beyond the Volga to the flanks of the Ural chain, which 
consists of a red deposit of sand and marl, full of copper in grains, 
belonging to the Permian system. This and the immense tract of 
black loam already mentioned are among the remarkable geological 
. features of Eastern Europe. 
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CHAPTER VI. 

The Southern Low Lands of the Great Continent, with their Secondary 
Table-Lands and Mountains. 

The low lands to the sowth of the great mountain girdle of the o^d 
continent are much broken by its offsets, by separate groups of moun- 
tains, and still more by the deep indentation of bays and large seas. 
Situate in lower latitudes, and sheltered by mountains from the 
cutting Siberian winds, these plains are of a more tropical character 
than those to the north ; but they arc strikingly contrasted in their 
different parts — either rich in all the exuberance that heat^moisture, 
and soil can produce, or covered by wastes of bare sand— in the.most 
advanced state of cultivation, or in the wildest garb of nature. 

The barren parts of the low lands lying between the eastern 
shores of China and the Indup bear a smatl proportion to the riches 
of a soil vivified by tropical warmth and watered by the periodic^ 
inundations of the mighty fivers that burst front! the icy te^iqps of 
Tibet and the Himalaya. On the contrary, the favoure*d regions" i'll 
that part of the low lands lying between the Persian Gulf, the 
Euphrates, and the Atlas mountains, are small when compared 
with the immense expanse of the Arabian and African deserts, 
scorched and calcined by a tropical sun. The blessing of a moun- 
tain-zone, pouring out its everlasting tifcasures of moisture, the 
life-blood of the soil, is nowhere more 'strikingly exhibited than in 
the contrast formed by these tVo regions of the globe. 

The Tartar country of Manchouria, watered by the river Amur, 
but little known to Europeans, lies immediately south of the 
Yablonnoi branch of the Altai chain, and consequently partakes of 
the desert aspect of Siberia, and, in its northern parts, even of the 
Great Gobi. It is partly intersected by mountains, afld covered by 
dense forests ; nevertheless, oats grow in the plains, and even 
wheat in more sheltered situations. Towards* Corea the country is 
more fertile ; in that peninsula there are cultivated plains at the 
base of its central mountain-range. 

China is the most productive country on the face of the earth ; 
an alluvial plain of 210,000 square miles, formed by one of the 
most extensive river-systems in the old world, occupies its eastern 
part. This plain, seven times the size of Lombardy, is no less fer- 
tile, pnd well irrigated by canals. The Great Canal traverses the 
eastern part of the plain for 700 miles, of which 500 are in a straight 
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line of considerable breadth, with a current in the greater part of 
its bourse. Most of the plain is laid out in rice and garden grounds, 
the whole cultivated with the spade. The tea-plant grows on low 
hifis between the 30th and 32nd parallels of north latitude, offsets 
from the Pe-ling chain. The cold in winter is much greater than 
in corresponding latitudes in Europe, and the heat in summer is 
proportionally excessive. 

The Indo-Chinese peninsula, lying between China and the Brah- 
mapootra river, has an area of 77,700 square miles, and projects 
1500, miles into the ocean. Various secondary chains of great 
length detach themselves from the eastern extremity of the Hima- 
laya or rather from the vast knot of mountains near the sources of 
the Brahmapootra, in the Chinese province of Yun-nan, which is a 
terra incognita ; their origin, therefore, is unknown. But in Upper 
Assam they run^at right angles to the equatorial system of Asiatic 
mountains, and more f to the east they extend in a southerly but 
diverging .direction, and spread like the spokes of a fan through the 
IndojChinese peninsula, leaving large and fertile countries between 
them. The Birmano-Siamese chain is the most extensive, reaching 
to Cape Romania at the extremity of the Malay peninsula, the most 
southerly point of the Asiatic continent, from whence it may be 
traced through fee island of Sumatra, parallel to the coast, and also 
in the glands of Bhnca and Biliton, where it terfninates. 

• Another l*ange, called the Laos- Siamese chain, forms the eastern 
boundary of the kingdom of Siam, and the Annamatic chain, from 
the same origin, separates the empire of Annam from Tonqqfu and 
Cochin China. 

These slightly diverging lines of mountains yield gold, ores oi 
silver and tin, and precious stones, as rubies and sapphires. Moun- 
tains in low latitudes have nothing of the severe character of those 
in less favoured climes. Magnificent forests reach their summits ; 
trees yielding spices, dyes of brilliant tints, medicinal and odori- 
ferous plants, clothe their declivities ; and in the low grounds the 
fruits of Ind\a and China grow in perfection in a soil which yields 
three crops of grain in the year. The plains lying between these 
mountains am very extensive. The Birman empire alone, which 
occupies the valley of the Irrawaddy, is said to he as large as 
France, and not less * fertile, especially its southern paTt, which is 
the granary of the empire. Magnificent rivers intersect the alluvial 
plains, whose soil they have brought down from the table-land of 
Tibet, and still continue to deposit in great quantities in the deltas 
at their mouths. 

The plains of Hindostan extend 2000 miles along the southern 
slopes of the Himalayas, between the Brahmapootra and the Indus, 
and terminate on the south in the Bay of Bengal, the table-land of 
the Deccan, and the Indian Ocean — a country embracing in its 
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Tange every variety of climate from tropical heat and moisture to 
the genial temperature of southern Europe, 

The valley of the Ganges is one of the richest on the globe, and 
contains a greater extent of vegetable mould, and of land under 
cultivation, than any other country in this continent, except perhaps 
the Chinese empire. In its upper part, Sirhind and Delhi, the seat 
of the ancient Mogul empire, still rich in splendid specimens of 
Indian art, are partly arid, although in the latter there is fertile soil. 
The country is beautiful where the Jumna and other streams unite 
to form the Ganges. These rivers are often hemmed in by 'rocks 
and high hanks, which fn a great measure prevent the periodical 
overflow of the waters ; this, however, is compensated by the cool- 
ness and moisture of the climate. The land gradually improves 
towards the east, as it becomes more flat, till at last tWe'is not a 
stone to be seen for hundreds of miles down*V> the Gulf of Bengal. 
Wheat and other European grain are pro3uced in the upper part of 
this magnificent valley, while in the south every varict/*bf Indian 
fruit, rice, cotton, indigo, opium, and sugar, are the staple commo- 
dities. The ascent of the plain of the Ganges from the Bay of 
Bengal is so gradual that Saharampore, pearly at the foot of the 
Himalaya, is only 1100 feet %bov^ the level of Calcutta ; the con- 
sequence of which ;s that the Ganges and Brahnpipootra, with their 
branches, in the rainy season between June and September lyy 
Bengal under water for hundreds of miles in every direction, like a 
groat sea. When the water subsides, the plains are verdant with 
rice and other* grain ; but when harvest is over, aud the heat is in- 
tense, the scene is changed — the country, divested of its beauty, 
becomes parched and dusty everywhere, except in the extensive 
jungles. It has been estimated that ope-fhird of the British terri- 
tory in India is covered with tjiese rank marshy tracts. 1 

The peninsula of Hindostan is occupied by the triangulaT-shaped 
table-land of the Deccan, which is much lower, and totally uncon- 
nected with the table-land of Tibet. It has the primary ranges of 
the Ghauts on the east and vfest, and the Vindhya mountains on the 
north, which slope by successive levels to the plains jof Hindostan 
Proper. A trace of the general equatorial direction of the Asiatic 
high land is still perceptible in the Vindhya mountains, some- 
times called the central chain of India* and in the Sautjoora 
range to the south, both being nearly parallel to tbe Himalaya.* 
The surfaee of the Deccan, between 1500 and 2000 feet above 
the sea, is a combination of plains, # ridges of rock, and insulated 
flat-topped hills, which are numerous, especially in its north- 
eastern parts. These solitary and almost inaccessible heights rise 

1 The estimate was made by Lord Cornwallis, and confirmed by Mr. Cole* 
bqpoke. 

* Johnston's Physical Atlas. 
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abruptly from the plains, with all but perpendicular sides, which can 
otfly be scaled by steps cut in the rock, or by very dangerous paths* 
s Many are fortified, and were the strongholds of the natives, but they 
never have withstood the determined intrepidity of British soldiers. 

The peninsula terminates with the table-land of the Mysore, 
from 4000 to 5000 feet above the sea, surrounded by the Nilgherry 
or Blue Mountains, rising to an altitude of 8500 feet* 

The base of this plateau, and a part of the Deccan, is granite, 
the rest one vast sheet of basalt. Though possessing the diamond 
mines of Golconda, the true riches of the country consist in its vege- 
tabk* mould, which in Mysore is 100 feel; thick, an inexhaustible 
source if fertility. The sea-coasts on the two sides of the penin- 
sula are essentially different ; that of Malabar on the western is 
rocky, but in many parts well cultivated, and its mountains covered 
with forests form, a continuous wall of very simple structure, 510 
miles long, and rather more than 3000 feet high. On the coast of 
Coromant&l the mountains are bare, lower, frequently interrupted, 
and fhe wide maritime plains are generally parched. 

The island of Ceylon, nearly equal in extent to Ireland, is almost 
joined to the southern extremity of the peninsula by sandbanks and 
small islands, between which file wftter is only six feet deep at 
low water spring-tides. The Sanscrit name of the “ Resplendent 99 
nj^jrcohvey. some idea of this island, ricTEi and fertile in soil, adorned 
by lofty mountains, numerous streams, and primeval forests ; in ad- 
dition to which it is rich in precious stones, and has fisheries of the 
pearl oyster on its coast. 

The Asiatic low lands are continued westward from the Indian 
peninsula by the Punjab and the great Indian desert. “The 
Punjab, or country of the five rivers,” lies at the base of the 
Western Himalaya. Its most northern part, consists of fertile 
terraces highly cultivated, and valleys at the foot of the mountains. 
It is very productive in the plain within the limits of the periodical 
inundations of the rivers, and where it is watered by canals ; in 
other parts ft is pastoral. The kingdom of Lahore occupies the 
chief part of the Punjab, and the city of that name near the Ravee, 
the ancient feydraotes, once the rival of Delhi, lies on the high 
road from Persfa to India, and was made the capital of the kingdom 
by the founder of the Sikh dynasty, Runjefet Sing. The lower valley 
of the Indus throughout partakes of the character of the Punjab ; 
it is fertile only where it is within reach of water ; much of it 
consists of a delta, which is Occupied by rice-grounds ; the rest is 
posture, or sterile salt marshes. 

South of the Punjab, and between the plains of Hindostan and 
the left bank of the Indus, lies the great Indian desert, which is 
about 400 miles broad, and becomes more and more arid as it 
approaches the river. It consists of a hard clay, covered with 
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shifting sand, driven into high mounds # by the wind, with some parts 
that are verdant after the rains. In the province of Cutch, south 
of the desert, a space of 7000 square miles, known as .the Run of 
Cutch, is alternately a sandy desert and an inland sea. In April 
the waves of the sea are driven over it by the prevailing winds, 
leaving only a few grassy eminences, the resort of tho wild ass. The 
desert of Mekran, an equally barren tract, extends along the Gulf 
of Oman from the mouths of the Indus to the Persian Gulf: in 
some places, however, it produces the Indian palm and the aromatic 
shrubs of Arabia Felix. * It was the line followed by Alexander 
the Great returning yritfc his army from India. 

The scathed shores of the Arabian Gulf, where not a blade of 
grass freshens the arid sands, and the uncultivated valleys of the 
Euphrates and Tigris, separate Asia from Arabia and Africa, the 
most desert regions in the old world. 

The peninsula of Arabia, divided into J;wu» parts by the Tropic of 
Cancer, is about four times the size of France. There are no rivers, 
and few streams or springs nourish the thirsty land, v !i J ose barren 
sands are scorched by a fierce sun. The central part is a tabte-land 
of moderate height, which however is said to have an elevation of 
8000 feet in the province of Hand ram mi t. To the south of the 
tropic it is an almost intermSnabl* ocean of drifting sand, wafted in 
clouds by the gale, and ^readed even by the jvandering Bedouin. 
At wide intervals, long narrow depressions cheer tjie dye* with 
brushwood and verdure. More to the north, mountains and hills 
cross the peninsula from S.E. to N.W., enclosing cultivated and 
fine pastoraf valleys adorned by groves of the date-palm and 
aromatic shrubs. Desolation once more resumes its domain where 
the table-land sinks into the Syrian desert, and throughout the rest 
of its circumference it descends in terraces or parallel ranges of 
mountain* and hills to a flat sandy coast from 30 to 100 miles 
wide, which surrounds the greater part of the peninsula, from the 
mouths of the Euphrates to the Isthmus of Suez. The hills come 
close to the beach in the province of Oman, which is traversed by 
chains, and broken into piles of arid mountains hot more than 
3500 feet high, with the exception of the Jebel Okkdar, which is 
6000 feet above the sea, and is cleft by temporary streams and 
fertile valleys. Here the grtmnd is cultivated and covered with 
verdure, and still farther south there i»a line of oases fed by sub- 
terraneous springs, where the fruits common to Persia, Indio, and 
Arabia are produced. 

The south-eastern coast is scarcely known, except towards the 
provinces of Haudramaut and Yemen, or Arabia Felix, where 
ranges of mountains, some above 5000 feet high, line the coast, and 
in many places project into the ocean, sometimes forming excellent 
^harbours, as that of Aden, which is protected by projecting rocks. 
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Jpjtlie Intervals there are towns and villages, cotton-plantations, 
Mangroves* and cultivated ground* 

the northern side of these granite ranges, where the table- 
land is 8000 feet above the sea, and along the edge of the desert of 
£1 Aklaj in Haudramaut, there is a tract of sand so loose and so 
very fine, that a plummet was sunk in it by Baron Wrede to the 
depth of 360 feet without reaching the bottom. There is a tradi- 
tion in the country that the.Bab&an army of Eing Suffi perished in 
attempting to cross this desert. Arabia Felix, which merits its 
name, is the only part of that country with permanent streams, 
though they are small. Here also the mountains and fertile regions 
run &r' inland, producing grain, pasture, coffee, odoriferous plants^ 
and gums. High cliffs line the Bhores of the Indian Ocean and the 
StTait of Bah-cl-man-deb — “the Gate of Tears.” The fertile 
country is continued a considerable way along the coast of the Bed 
Sea, but the character^ barrenness is resumed by degrees, till at 
length the hills and intervening terraces, on which Mecca and 
Medina, tfi£’holy cities of the Mohamedans, stand, are sterile wastes 
wherever springs do not water them. The blast of the desert, 
loaded with burning sand, Bweeps over these parched regions. 
Mountains skirt the tableland to tli^ north ; and the peninsula, 
between the Gulfs of Akabah and Suez on the Bed Sea, the Eliath 
of Scripture, is filled by the mountain-group of *Sinai and Horeb. 
Jobel^Houra; Mount Horeb, on which Moses received the Ten 
Commandments, is 8593 feet high, surrounded by still higher peaks, 
which are covered with snow in winter. The group of Sinai abounds 
in springs and verdure. At its northern extremity lies the desert 
of El-Tyh, 70 miles long and 30 broad, in which the Israelites 
wandered forty years. £t is covered with long ranges of high 
rocks, of most repulsive aspect, rent into deep clefts only a few 
feet wide, hemmed in by walls of rodk sometimes 1000*feet high, 
like the deserted streets of a Cyclopean town. The jou Ay from 
Sinai to Akabah, by the Wady-ei-Ain or Valley of the is 

magnificent, apd the site of Petra itself is a tremendous confusion 
of black and brown mountains. It is a considerable basin closed 
in by rocks, with chasms and defiles in the precipices. The main 
street is 2 miles Jong, and not more Jhan from 10 to 30 feet wide, 
enclosed between perpendicular rocks from 100 to 700 feet high, 
which so nearly meet as fo leave only a strip of sky. A stream 
runs through the street which must once have been a considerable 
torrent, and the precipitous roc^s are excavated into thousands of 
caverns once inhabited— into conduits, cisterns, flights of steps, 
theatres, temples, and sepulchres, forming altogether one of the 
most wonderful remains of antiquity. The whole of Arabia Petrea, 
the Edom of sacred writers, presents a scene of appalling deso- 
lation, completely fulfilling the denunciation of prophecy. 
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A sandy desert, crossed by low limestone ridges, separates the 
table-land of Arabia from the habitable part of Syria, which the 
mountains of Lebanon divide into trio narrow plainB. These moun- 
tains may almost be considered offsets from the Taurus chain ; at 
least they are connected with it by the wooded range of Gawoor, the 
ancient Amanus, impassable except by two defiles, celebrated in his- 
tory as the Amanic and Syrian G ates. The group of Lebanon begins 
with the Jebel Okrab (Mount Casius), which rises abruptly from 
the sea in a single peak to the height of 7000 feet, near the mouth 
of the Orontes. From thence the chain runs south, at a distance 
of about twenty miles from the shores of the Mediterranean, in a con- 
tinuous line of peaks to the sources of the Jordan, where it splits^nto 
two nearly parallel branches, enclosing the upper valley of the river 
Litany, the ancient Leontes, and the wide and fertile plain pf Buka 
or Ghor, the ancient Ccelo-Syria, in which are the ruins of Baalbek. 

The Lebanon branch terminates at the «e£*near the mouth of the 
river Leontes, a few miles north of the city of Old Tyre j while the 
Anti-Libanus, which commences north-east of Baalbek, attains its 
greatest height at Mount Hermon, 9000 feet high, near the highest 
sources of the Jordan, from whence it rund along the right bank of 
that river through Palestine till its last^purs, south of the Dead 
Sea, sink into rocky ridges on the 'desert of Sinai. , 

The tops of all these mountains, from Scanderoon to Jerusalem, 
are oovered with snow in winter ; it is permanent on Lebanmrtmly, 
whose absolute elevation is 9517 feet. The precipices are terrific, 
the springs abundant, and the spurs of the mountains are studded 
with villages and convents ; there are forests in the higher grounds, 
and lower down vineyards and gardens. Many offsets from the 
Libanus end in precipices on the coast between Tripoli and Beyrout, 
among which the scenery is very beautiful. , 

The valleys and plains of Syria are rich in their vegfet&ble soil, 
particularly the plain of Damascus, which is brilliantly verdant, 
though surrounded by deserts, the barren uniformity of which is 
relieved on the east by the fumed temples of Palmyra (Tadmor). 
The Syrian wilderness, however, is not everywhere absplutely 
barren. In the Bpring-time it is covered with a thin fr ffifyi vid 
verdure, mixed with aromatic herbs of very short 4uration?iwjifhen 
these are burnt up, the unbounded plains Resume thUr^wonted 
dreariness. The country, high and I5w, becomes more barren 
as we approach the Holy Land, yet even here some of the moun- 
tains—as Carmel, Bashan, and Tabqp — are luxuriantly wooded, and 
many of the valleys are fertile, especially the valley of the Jordan, 
which has the appearance of pleasure-grounds with groves of trees 
and aromatic plants, but almost in a state of nature. The eastern 
side of the Lake of Tiberias is wild ; on the other there are gentle 
Alls and romantic vales, adorned with palm-trees, olives, and syca- 



80 


PHYSICAL GEOOBAPHYi 


Chap, VI* 


mores — a scene of calm solitude and pastoral beauty. Farther south 
Jerusalem stands on a declivity encompassed by arid stony mountains* 
wild and desolate. The greater part of Syria is now a desert com- 
pared with what it formerly was. Mussulman rule has blighted this 
fair region — the Land of Promise, once flowing with milk and honey. 

Farther south desolation increases ; the valleys become narrower, 
the hills more denuded and rugged, till, south of the Dead Sea, 
their dreary aspect announces the approach of the desert. 

The valley of the Jordan affords the most remarkable instance 
known of the depression of a considerable tract of the land below 
thi general level of the ocean. This holk>w, which extends from 
the <Gulf of Akabah on the Red Sea to the sources of the river, is 
G20 feet below the Mediterranean at the surface of the Lake of 
Tiberias, au$ the acrid waters of the Dead Sea have a depression 
of 1312 feet, 1 whilst being in some parts 1350 feet deep, its bottom 
is upwards of 2650 IxJftw, the Mediterranean. This extraordinary 
depression of the valley was known to the ancients, who gave it 
the descriptive name of Coelo-Syria, “Hollow Syria.” 

There is evidence that the country round the northern end of the 
Red Sea has been raised above its former level within the last 3000 
years. Caverns are found in the cliffs on the Red Sea, and in those 
jpore inland on the Arabian coast, and the whole desert from Suets 
td Cairo i§ covered with abundance of shells, similar to those nofr 
living in the Red Sea, which was probably joined to the Mediter- 
ranean at a very recent period. 

It appears from the surveys executed of late years, with a view 
to unite the two seas by a canal, that they are on the same level ; 
that for thirteen miles and a half from high-water mark at Sugfe 
to the Bitter Lakes, the l^nd is nearly level, rising from threaJIb, 
twelve feet only above the highest tide. Here a depression* of 
16 feet begins, which extends for 27 miles. The- surface of the 
Bitter Lakes, which appear to be fragments of the Red Sea, or 
Mediterranean, lowered by evaporation, is 64 feet below the level 
of the latter, From thence to the Mediterranean the ground is low 
and marshy, with numerous lagoons of salt water. The shortest 
distanoe frorndhe Red Sea to the Mediterranean is 75 miles. The 
NatroU lakes on^he Libyan desert, west from the delta of the Nile, 

are probably also fragments of an inland sea. 8 

& * 

1 By the actual levelling of Lieutenant Symonds, in 1843, the depression 
of the Dead Sea is, ns stated in the text, 1312 feet; but MM. Bertou and 
Rusegger made it 1388 by the barogneter. See Lieutenant Molyneux's paper 
in the Journal of the Royal Geographical Society, 1848. Subsequently the 
American expedition under Lieutenant Lynch found “ the depression of the 
Dead Sea below the Mediterranean a little over 1300 feet.” 

2 See the works of Dr. Buist, Mr. Glyn, and the Survey published by 

M. de Lesseps. Misd Fanny Corbaux was one of the first who drew attention 
to this subject. m 
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CHAPTER VII. 

Africa — Table-Land — Cape of Good Hope and Eastern Coast — Western 
Coast — Abyssinia — Senegambia — Low Lands and Deserts. 

The continent of Africa, is 4330 geographical miles long from (Ape 
Agulhas, east of the Cape of Good Hope, to Cape Bianco, *iear 
Bizerta, its northern extremity, and 4000 between Cape Guardafui, 
on the Indian Ocean, and Cape Verd, on the Atlantic ; hut from 
the irregularity of its figure it has an area of only twelve millions 
of square miles. It is divided in two bjk tHfl equator, consequently 
the greater part lies under a tropical sun. The high and low lands 
of this portion of 4he old continent are so distinctly separated that, 
with the exception of the mountainous territory of the Atlas and 
the small table-land of Barca, it may he said to consist of two parts 
only, a high country and a Jpw. 

An extensive, though not very" elevated, table-ltud occupies all 
Southern Africa, which slopes to the east, and extends si* or sevdh 
degrees north of the equator. On the north-west it terminates in 
the high land of Senegambia, and on the north-east in that of 
Abyssinia, both of which project farther to the north than the 
central edge of the plateau, which has not yet been explored. On 
the east and west the table-land is bounded either by mountain- 
chains or high ridges of various kinds an£ elevations, which divide 
it from the plains and deltas which terminate in the Indian and 
Atlantic Oceans ; and on the •south the table- land shelves down to 
the sea in narrow parallel terraces, separated by mountain- chains, 
which rise in height as they recede from the coast. 

In its southern extremity at the Cape of Good Hojpe the African 
continent is about 700 miles broad, and ends in three narrow 
parallel ridges of mountains, the last of which is th^ highest, and 
abuts on the table-land. All are cleft by precipitous deep ravines,, 
through which winter torrents flow to the ocean. The longitudinal 
valleys, or karroos, that separate them, ate tiers, or steps, by which 
the plateau dips to the maritime plains. The descent is rapid, as 
both these plains and the mountain-ranges are very narrow. On 
the western side the mountains form a high group, and end in steep 
promontories on the coast, where Table Mountain, at Cape Town, 
3816 feet high, forms a conspicuous land-mark for mariners. 

The mountain ridge from Cape Hanglip to the northern end of 
the Cedar Mountains is of sandstone or slate, resting on granite, 

e 3 
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from 2000 to 7000 feet high, and the ridge from {Jape Point to 
PidRfel Berg the same, but less elevated. East from Hanglip to Cape 
Agulhas the headlands are chiefly of limestone. The eastern side of 
the run, from the Cedar Mountains to the Kamies Berg, consists 
chiefly of granite tableland more or less undulating; the west, 
towards the sea, is low, and also granite. The granite masses of the 
Kamies Berg rise to 5100 feet, and this range curves westward to 
the mouth of the Orange River, and forms the boundary of the 
Bushman Flat on the S. and W. ; towards the S.E. they are lost on 
th<rHantam table-land, except two lofty pe^ks, the Kebes Kow and 
Spicfi Berg. The Bushman Flat is a solid block of granite, of some 
9000 square miles. A large part of its surface is nearly as level as 
a calm sysa, ajid is about 8600 feet above the level of the ocean, but 
it sinks to 2000 towards the Orange River. Near the salt-pahs the 
ground is strewed witl# ‘spherical-shaped hollow stones and pebbles 
of various hues. In a trough in one of the undulations of the 
ground is a perennial spring of salt water ; the consequence is in- 
crustations of good salt some miles in length. 

Granite rocks, which are the base of this part of Southern Africa, 
rise to a considerable height in many places, and are generally sur- 
mounted by va8t horizontal beds of sandstone, which give that 
character pf flatness peculiar to the summits of* many of the Cape 
mouiftams. • 

The karroos are arid deserts in the dry season, but soon after the 
setting in of the rains they are covered with verdure and a splendid 
flora. The maritime plains partake of the same temporary aridity* . 
though a large portion is rich in cereal productions, vineyards, fruity, 
and pasture. 

The most inland of the parallel ranges, about the 20th eastern 
meridian, is 10,000 feet high, and, though it sinks to some groups 
of hills at its eastern extremity, it rises again about the 37th meri- 
dian, in a truly Alpine and continuous chain — the Quotlamba 
mountains— which follow the northerly direction of Natal, but sink 
into a broad ridge not more than 4000 feet above the level of the 
sea before it crosses the Zambeze river at the beginning of its delta, 
about 300 miles f from the ocean. The surface of the ridge is a fine 
undulating country, covered with short grass like a lawn, and 
yielding excellent wheat sand other cereals, with various roots in 
great abundance. From the head of the delta, the ridge which 
borders the table-land divides into several branches. Ono, known 
as the Lupata chain, runs at the distance of 89 miles inland along 
the coast of Zanzibar; others bend west, while the central and 
principal chain runs northward towards the promontory of Abys- 
sinia, at a considerable distance from the coast, rising to a great 
height between the third and fourth degrees of south latitude. 



83 


Chap. VII. ‘WESTERN 00A8& OP SOUTH AFRICA. 

At Natal the coast is grassy, with clumps of trees, like an English 
park. The Zambeze and other streams from the table-land refresh 
the plains on the Mozambique Channel and Zanzibar, where, 
though some parts are marshy and covered with mangroves, groves 
of palm-trees adorn the plains, which yield prodigious quantities of 
grain, and noble forests cover the mountains; but from 4° N. 
latitude to Cape Guardafui is a continued desert. There is also a 
barren tract at the southern end of the Lupata chain, where gold is 
found in masses' and grains on the surface and in the watercourses, 
which tempted the Portuguese to form settlements on these db- 
wholesome coasts. * • 

The island of Madagascar, with its magnificent range of moun- 
tains, covered with primeval forests, is parallel to the African coast, 
and only separated from it by the Mozambique Channel, 300 miles 
broad ; it may be presumed, from its simijarity of direction, that it 
rose from the deep at the same time as the Lupata chain. 

The contrast between the eastern and western coast! of South 
Africa is very striking. The escarped bold mountains round the 'Cape 
of Good Hope, and its rooky coast, which extends a short way along 
the Atlantic to the north, are succeeded «by ranges of sandstone of 
small elevation, which separate the internal sandy •desert from the 
equally parched sandy sho^p, with the exception of Walfsh Bay*, 
The terraced dip of the Atlantio coast for 900 miles between the 
Orange River and Cape Negro has not a drop of fresh water. 

At Cape Negro ten-aces separated by long level tracts begin and 
make a semicircular bend into the interior, leaving plains along the 
coast 140 miles broad, from whence the highest terrace appears like 
a chain of mountains, because it dips for ^000 feet towards them. 
It has a broad flat top spreading into fine grassy plains, on which 
are found Cape-heaths, rhododendrons, and other Alpine plants, 
quite different from the tropical vegetation on the maritime coast on 
one side, or on the table-land on the other. The high terraces are 
continued to the country of Colbongos, the most elevated land on 
the coast, where a magnificent group of mountains, cohered to their 
tops with large timber, lie not far inland and north of Jhese, King 
William’s mountains form the eastern border of tjiis side of the 
table-land. 

The maritime plains on the Atlantic akmg this long line of high 
country have for the most part a tropical vegetation. In Benguel* 
the plains are healthy and cultivated ; farther north them are monor 
tonous grassy savannahs, and forests of gigantic trees. The ground, 
in many places saturated with water, bears a tangled crop of mangroves 
and tall reeds which even cover the shoals along the coast ; hot pes* 
tilential vapours hang over them, never dissipated by a breeze. 

The low plains of Biafra and Benin, farther north, and especially 



" "The Afcgel of Death, brooding over these region^ in nbisome ex- 
halations, guards the interior of that country from the aggressions 
of the European, and has hitherto baffled his attempts to form set- 
tlements on the banks of this magnificent river. 

Many portions of North Guinea are so fertile that they might vie 
with the valley of the Nile in cereal riches, besides various other 
productions ; and, though the heat is great, the olimate is not very 
unhealthy. t 

Such are the mountain-chains and maritime plains that surround 
the table-land of South Africa on three sides. 

Tn tlje beginning of the present century the table-land north of 
the Cape of Good Hope was almost an unknown region. Mr. 
Somerville and Mr. Tftitqr were the first white men whom the inha- 
bitants of Litakoo had seen. Of an expedition that followed their 
track a few years after no one returned. Since that time it has 
been* frequently explored for a short distance both by the mission- 
aries and other travellers. 

Immediately north of the Cape mountains the table-land is 600 
feet above the Ifevel of the sea, ‘and, lor a comparatively small dis- 
tance, it^. is cultivated and pastoial, end in all probability it is 
equally so at the foot of the Quotlamba chain, for there are foiests 
and rich pasture-lands in the Bushin an ’s country, at least for part 
of the year. With these exceptions the Kalahari Deseit spreads 
over the table-land to the 20th degree of south latitude. The 
Gareep, or Orange River, with its tributaries, which flow across the 
desert, may he more aptly said to drain than to irrigate this arid 
country. Many of the tributaries are only the channels through 
which torrents from the periodical trains are carried to tlfe main 
stream, and are destitute of water during many months in the year. 
“ The Dry River,” the name of one of these, is no misnomer in that 
country. However, moisture is wanting everywhere, for the 
margin of fcbe < streams is usually adlrnecl with mimosas, and the sandy 
deserts in some places have fumislpt treasures to the botanist after 
the rains, hut ip general the camergSfchorn and other products of the 
African desert is the* only vegetation, where there is any vegetation 
at all. On the west it is "bounded by the pastoral and even agricul- 
tural countries of the Great Namaqua and Damaras, hut these are 
penetrated in many places by the Desert even to the sandy shores. 

Nothing was known of the interior of the table-land north of the 
Kalahari Desert till, in 1802, intelligent native merchants crossed 
from Lo&ndo on the Atlantic to Zanzibar on the Mozambique 
coast, and from their account Europeans first bad an idea of the 
feature of the country, its productions, and the state of its inha- 



j 


Christian charity who have overc tape the greatest difficulties and 
deeded pagers the most formidable that they might carry the 
blessings $£ the Gospel and civilization to millions who are still in 
ignorance and idolatry. Among these Dr. Livingstone is pre- 
eminent. Of high scientific acquirements and unconquerable zeal 
in the great cause, he traversed the table-land from sea to sea, per- 
forming in all a journey of 11,000 miles, in order to establish mis- 
sions for the conversion and instruction of the natives. Although 
that was his principal object, yet duting the journey, amidst innu- 
merable difficulties and thirty-two attacks of fever, he made astro- 
nomical observations to ascertain the latitude and longitude of the 
most remarkable places he visited, from which a beatftifubmap has 
been constructed by Mr. Arrowsmith of tracts over most of which 
the foot of a white man had never passe"d. Dr. Livingstone set out 
from Kolobeng, the advanced post of the missionaries* north from 
the Cape of Good Hope, and, after a month’s journey over 300 
miles of desert, in great want of water, he came to the banks of the 
Zouga, a noble and exquisitely beautiful river, richly fringed with 
fruit-bearing and other tredS, some of gigantic grqjvth and unknown 
kinds. It rises ip the eastern extremity of Lake Ngami, in 20° J9' 
S. lat. and 20° E. long., and flows to the S.E. "The laktf is from 50 
to 70 miles long, and 2825 feet above the level of the sea. The 
Zouga is the southern limit of that magnificent river system dis- 
covered by ‘Dr. Livingstone in the very centre of South Africa, 
which extends from the 20th parallel of south latitude to within 
ten degrees of the equator, and in longitude throughout the whole 
breadth of the table-land. A 

The country north of Lajce Ngami is a dead flat f or hundreds of 
miles, interlaced by a perfect labyrinth of rivers with their countless 
tributaries and numerous entering and re-entering branches, on 
account of which it is called Linoka-noka, or “Rivers upon 
Rivers.” The waters of this network of lakes andaivers, deflected 
in various directions by slight elevations, escape to the eastern and 
western oceans by passing through deep rents in the flanking ridges 
on each side of the plateau. From these, ridges, whose surfaces 
have been described as broad undulating grassy plains, the strain 
dip inwards, and the extensive table-land within is arranged in 
basin-shape, into which the streams flow from both sides. There 
are meadow-lands of enormous extent on this great plain, and still 
more extensive and all but impenetrable forests. Many of the 
rivers aro scarcely to be approached on account of large tracts of 
high grasses with stems as thick as a man’s thumb, while on others 
a species of reed grows with sueb. serrated edges that it tears every-* 
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fe t6 pieced. In many placed the meadow-lands are the paature- 
ds of the natives, covered with thousands of cattle, but in the 
b both torses and cattle fall victims to the tsetsrf, a poisonous 
fly which abounds in them. Large tracts of this country are in- 
undated during the periodical rains, and when the water retires, 
the rank vegetation and wide* spreading marshes under a tropical sun 
send forth exhalations nearly as fatal to man as the tsetsd is to cattle ; 
indeed, one place is called The Fever Ponds. 

The Zambeze is the main water-course of the magnificent river 
sysOpm into which all the lesser systems and streams flow, many of 
whiqfy arc great deep rivers. The natives are quite aware of its im- 
portance, since its various names of Luameji, Leeambye, and Zam- 
beze, simply mean u The River.” It makes various windings in 
its course frofii the west, especially an almost semicircular bond to 
the south, at the extremity jof which, in 17° 57' S. lat. and 26° 6' E. 
long., it forms a magnificent cascade ; then it flows to the north in 
rapids till it is joined by its tributary, the Kafue, when it turns to 
the east and flows generally in that direction to the Mozambique 
Channel, forming a delta 300 miles long. In some places the river 
is a mile broad, with islands covered with the richest vegetation of 
large trees, among. which the date palm a*hd the lofty palmyra are the 
most beautiful. Frojn the confluence of tlje Zambeze and Kafue the 
country bscoipes healthy down to Tete, and it appears that missions 
might be established there, and also on the grassy summit of the 
high ridge that bounds the table-land on the east, which differs as 
much from the plains on each side in healthfulness as in vegetation. 

There are ranges of mountains of considerable height in the 
interior of the table-land, especially about the middle course of the 
Zambeze, one of which is Remarkable from being capped with rock 
of so pure a white that at a little distance it appears to be enomv ' 
The productions of this country are most valuable. Tfe$ Roinan 
Catholic missionaries introduced the pine-apple, which mW grows 
for miles along the roads in Angola ; and, what is of import- 
ance, the finest ^Moch a coffee, which novf grows wild iik&e greatest 
abundance. Fine plantations of it are constantly disdjMted in the 
forests which line the face of the high land of tl^Fmmtry, in 
which it is only hecessary to cut away the brushvCKa and leave 
the high trees for shelter in order to have a valuable possession. 
But it bas passed that barrier, for Dr. Livingstone met* With it 300 
miles in the interior of the table-land. He also found the vine 
loaded with bunches of dark-pftrple grapes, the* ffcdigo plant in 
great abundance, the sugar-cane, papyrus, a stroiA' kind of flax, 
bu&ze, senna, and, in the woods where fever prefws, a kind of 
cinchona, which the natives usfc as a remedy against! that malady,, 
They cultivate wheat, manioc, yams, millet, rice, bananas, and vast 
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quantities of CafFre.com. The sugar-cane has been cultivated by 
them from time immemorial, though they have never discovered how 
to make sugar from it ; but Dr. Livingstone intends to furnish them 
with the means on his return, at the request of the native chief 
Sekeletu. Elephants’ tusks and bees’- wax are articles of commerce, 
the pioneer to the hives being the honey-bird, a species of cuckoo. 

Among the labyrinth of rivers are magnificent pasture-lands, 
covered with succulent grasses ten feet high, especially to the 
north of Lake Ngami and in the Barotse country more to the west, 
on which thousands of cattle graze. The ■enormous quantityfpf 
wild animals shows that pasture-land must be very extensive, ir. 
Livingstone fell in with troops of elephants exceeding anything 
hitherto described, and so tame that he was obliged to halloo to them 
to get out of the way ; besides buffaloes, giraffes, zebrafi, antelopes, 
and wild hogs in great numbers ; and with iwgard to that beautiful 
animal the spring-bok he writes — “ I’ could form no idea of the 
numbers of these lovely animals I saw in actual migration ; I can 
compare them to locusts alone, for as far as the eye could reach 
they appeared a tremulous mass, sometimes in sprinklings, and at 
other times in dense crowds, upon a plair^ six or seven miles long, 
and three or four broad.” At tim<js when Dr. Liviqgetone had gone 
to get food for hi$ party, and was watching, with his rifle in hand, 
the wild creatures thickly scattered over their native pastfiuas^their 
exquisite forms, their graceful motions, their unsuspicious confi- 
dence, the free and apparently joyous life they led as they browsed 
or gamboled Upon the rich banks of the bright river whose course 
he was tracking to the sea, the beauty of the spectacle has so en- 
tranced him as to deprive him of the power of firing a single shot ; 
and, rather than introduce death and # disorder into a scene so fair 
and so replete with evidence of the great Creator’s bcunteousness, 
he has returned empty-handed to his people. The tameness of the 
animals was quite distressing ; they were not yet acquainted with 
their mortal enemy, civilized man, who kills for amusement— the 
savage kills for food. Fislf and hippopotami abound in the rivers, 
for the most part undisturbed. 

' The native tribes in the remotest interior received and assisted 
Dr, Livingstone with the greatest kindness, and mkny of the people 
accompanied him as trustworthy guides in his journeys. The 
Makololos, a powerful and numerous tribe on the north of the 
Zambeze, with their chief Sekeletu, became hia steady and useful 
friends. They are a fine, industrious, and skilfUi people, living in 
villages, where men, women, and children cultivate their grounds 
with assiduity and Buccess. As the whole of the Scriptures have 
been translated into a language known to these negroes, by the per* 
severance ofjhe Rev, R. Moffat, there is a fine field opened in this 
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healthy country to those good men who devote their lives to the 
spiritual and temporal well-being of their unenlightened brethren. 
Dr. Livingstone has already accomplished a great and noble work in 
having prevailed upon Sekeletu to put a stop to slavery. Other 
tribes seem to be equally amicable and capable of instruction, though 
not so accessible owing to the unliealthines%of the climate ; but the 
natives bordering on the Portuguese settlements, especially on the 
west, are the most dangerous, corrupted, and atrocious savages. 
Without having gained any idea of Christianity or morality, they 
hare lost any good qualities they may have possessed, arising from 
thadebasing influence of the slave-trade, \frhich has been carried on 
extensively upon the neighbouring coasts. 

The mountains at the Cape of Good Hope and the Namaquas 
country to the north are of granite, surmounted by large horizontal 
masses of sandstone, jyid the table-land north of the Capo Moun- 
tains is an undulating jflatform of granite. The granite range of 
the Kamies Berg, 6100 feet high, which begins in the S.E. on the 
Bokkjvold and Hantam table-land, bends round to the mouth of the 
Orange River and forms the lxnmdary of the Bushman’s Flat, or 
Kalahari Desert, on the south and west. The base of the Kalahari 
Desert itself is a. solid bfock of l grank,c of some 9000 square miles, 
the greater pari of whose surface is nearly as level as a calm sea : it 
is atyuL8600 feet* above the level of the ocean," hut sinks to 2000 
feet at the Orange River. The only elevation is the Cowberg, near 
' the Saltpans, where the platform is undulating ; and in the trough 
of one of the valleys there is a perennial spring of salt water; t fcBfe 
consequence is a deep incrustation of good salt for some miles. Tfflr 
desert is sometimes several years without rain, and Sir. Maclear, 
from whose observations Shis account is taken, says, “ I have never 
seen the mirage lakes so splendid or so tantalizing as within the 
range of 20 or 30 miles of these Saltans.” When a thunder-storm 
does happen nutritive grass springs up in the hollows. The basin 
of the great river system in South Africa is of calcareous tufa, the 
organic remains of which being the same with the lacustrine and 
land animals which still exist, shows that this country has been 
desiccated at* no very remote period, and the older inhabitants 
believe that it is still becoming dryer. The central course of the 
Zambeze, especially at the # great cataract, is through hard sandstone 
and porphoretic basalt, and the elevated ridges which bound the 
central plateau ou the east and west are of mica schist, which dips 
inwards, and are traversed here* and there by igneous rocks. 

The mineral riches are very considerable. The town of Tetd, at the 
delta of tile Zambeze, stands in an extensive coal-field, part of which 
is surrounded by a gold-producing district ; and iron, of a quality 
equal to that of Sweden, is used by the natives for their weapons. 
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The great fresh -water lake Nyassi, or “The Sea,” said to he 600 
miles long and 300 broad, begins about 200 miles N.W. from the 
Portuguese town of Tetri, and extends N.N.W. through the country 
of Mono-Moeze, flanked by a chain of mountains. It is a shallow 
sheet of water, like Lake Ngami, but full of islands. It seems to 
be the remnant of an extensive lake which existed before the 
-'•fissure was excavated *y which the Zambeze and other rivers 
pass to the sea. Lake Taganyka, or the great Nienda, is situated 
in the country of the Monomoeses, a people who inhabit a great 
extent of Africa. It lies between the southern parallels of 3° 45' 
and 6° 35', and its centre, is in 29° B. long. It receives the RiAr 
Lulia, or Cassaba, on the west, and on the east the Luffia ‘iames 
from it and runs into the sea south of Zanzebar. There is a smaller 
lake to the south of the preceding, and both seem to. be §hallow 
and full of islands. 

From the city of Tetri to the River Aroajigtfthe table-land is very 
mountainous ; the mountains rise to a great height, yet the country 
is fruitful and very populous. The Sierra Maxengo, winch begins 
at 16° 30' S. lat., runs north with an elevation of 17,000 feet m its 
liighest part, and about the 11th parallel it turns to Lake Nyassi 
and runs along its western si^e, while a branch encloses the lake on 
the east, after which both run nortll and unite at tht? great snow-clad 
Kilimanjaro, where? the country is very mountainous, even*far north 
and to the coast. In the 35th eastern meridian, and exactly finder 
the equator, is the snow-capped Kenia, west from which runs a 
snowy ridge, in some places volcanic, which sends spurs nearly to 
Lake Taganyka. It is supposed that the most southern branch of 
the Bahr el Abiad, or true Nile, rises to the north of Mount Kenia. 1 2 

The vast Alpine promontory of Abyssinja or Ethiopia,® 700 miles 
wide, piojects from the table-land for 800 miles into the low lands 
of North Africa. It dips to adow swampy region on the north, to 
the plains of Senaar and Kordofan on the west, and on the east sinks 
abruptly to the coast at a short distance from the shores of the Red 
Sea. It is there from 8000 to # 9000 feet high on the plateau of Tigre, 
but declines to the westward, so that in the 15th parallel of N. lat. 
the eastern slope of the table-land towards the Red J3ea is nearly 
twenty times greater than the counter-slope towards the Nile ; the 

1 South Africa, by James Macqueen, Esq., in* Journal of the Geographical 
Society, 1856. 

2 The name of Ethiopia is still used by the Abyssinians, as stated by 
M. A. d'Abbadie, the talented tiaveller, ^io has resided so many years among 
them, as including Abyssinia proper, the Bija country as far as Sawakin, the 
Afar (Aidal of our maps), the Somaly, Gurage, and Galla countries. The word 
Abyssinia is better employed in the Arab sense for those populations, chiefly 
Christian, which have lost all idea of tribe, according to the same traveller, 
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edge of the latter, however, is from 3000 to 4000 feet above the 
plains . 1 The character of Abyssinia is in that respect like the Dec- 
can, or Southern India, where the Ghauts rise abruptly near the 
coast of Malabar, and the surface falls gradually towards that of 
Coromandel. The table-land of Abyssinia is a succession of undu- 
lating plains, broken by higher insulated jnoun tain-masses, which 
in Simen, g Gojam, and in Haifa more to tne south, attain an abso- 
lute altitude of from 11,000 to 13,500 feet. The plains are inter- 
sected by numerous streams which form the Nile and its tributaries 
on the one hand, and the Hawash and its affluents, which flow 
mjards the Indian Ooean, to be lost in *a swamp, on the other. 
Tni edge of the table-land towards the Nile is steep ; the streams 
run to the low lands through valleys from 3000 to 4000 feet deep, 
so that a traveller in ascending them might imagine that he is 
crossing a mountain-range, whereas, on coming to the top, he finds 
himself on a high plain. < This elevated country has lakes, swamps, 
verdant meadows, and cultivated land, producing various kinds of 
grain, and occasionally coffee. The plain of Dembia, the granary 
of the country, enjoys perpetual spring. M. A. d’Abbadie and Dr. 
Beke, to whom we are indebted for so much valuable information 
regarding this part of Africa, travoll^d to within eight degrees of 
the equator, anh, by their account, the country south of Abyssinia 
Appears to be similar to that of Shoa*and Gojam — extensive un- 
dulating plains, with occasional mountain-masses, and traversed by 
numerous streams j wide tracts must be 7000 or 8000 feet high, as 
they only produce barley : the country towards Kaffa $nd the sources 
of the Gojeb is still higher, and in some parts desert ; but the cara- 
van-road between Wallega and Kaffa passes through a vast forest 
impervious to the rays o£ the sun, which, according to the accounts 
of the merchants, is not seen for four or five days successively ; and 
west of the Did-esa there are immense grassy plains, the elephant- 
hunting grounds of the Galla tribes. 

The geological structure of Ethiopia is somewhat similar to that 
of the Cape of Good Hope, the base being granite and the super- 
structure sandstone, occasionally limestone, Schist, and breccia. 
The granite comes to the surface in the lower parts of Abyssinia, 
but sandstone predominates in the upper and assumes a tabular 
form, often lying on the tops of the mountains in enormous flat 
masses, only accessible Ify steps cut* in the rocks or by ladders : 
such insulated spots are used as state prisons. Large tracts of 
ancient volcanic rocks occur, ^specially in Shoe. Trap rocks also 

1 Estimated from N.E. to S.W., the proportion of the two slopes of the 
Abyssinian table-land is as 12*6 to 1. 

* The highest inhabited village visited by M. d'Abbadie was that of 
Arquiase, in the province of SimSn, 12,450 feet above the sea. < 
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abound in Simen. A great part of Gojam and Gudru is formed of 
prismatic baselt lying under red clay ; itris likewise found in Inarya, 
Many of tbe hill forts in Abyssinia are basaltic. 

Senegambia, the appendage to the western extremity of the table- 
land, also projects far into the low lands, and is the watershed 
whence the streams flow on one side to the plains of Soudan, where 
they join the Joliba or Mger ; and from the other to the Gambia, 
Senegal, and to other rivers which run into the Atlantic over a rich 
cultivated plain, but unhealthy from the rankness of the vegetation. 

The moisture that descends from the northern edge of the table- 
land of South Africa, under the fiery radiance of a tropical srif, 
fertilizes a tract of country stretching from sea to sea acrosOThe 
continent, the commencement of the African low lands. A great 
part of this region, which contains many kingdoms and commercial 
cities is a very productive country. The abundance of water, the 
industry of the natives in irrigating the ground, the periodical rains, 
and the tropical heat, leave the soil no repose. Agriculture is in a 
rqde state, but nature is so bountiful that rice, millet, and other " 
grains are raised in sufficient quantity to supply the wants *of £ 
numerous population. Gold is found in the river-courses, and 
elephants abound in the forqgts ; but msfti is the staple of their 
commerce — a disgrace to the savage who sells his follow-creature, 
but a far greater disgrace to«the more savage purchaser, whp dares 
to assume the sacred name of Christian. 

In the very centre of this fine country lies lake Tchad, almost like 
a sea, and receiving many fine large rivers, especially the Shary and 
Mayo ; the latter is mentioned by Dr. Barth as only to be compared 
with the Nile at highest flood. The celebrated port of K&bara, near 
which the city of Timbuctu is situated, js several miles from the 
river, and only accessible during five months in the year, when the 
rains are heavy. It is in 18° 6* N. lat., and 1° 45' E. long. 

This long belt of never-fading vitality, which has its large lakes, 
poisonous swamps, deep forestB of gigantic trees, and vast solitudes 
in which no white men ever trod, is of small width compared with 
its length. In receding from the mountains, the moisture becomes 
less and the soil gradually worse, sufficing only to produce grass for 
the flocks of the wandering Bedouin. At last a hideous barren waste 
begins, which extends northwards 800 miles id unvaried desolation 
to the grassy steppes at the foot of the Atlas ; and for 1000 miles 
between the Atlantic and the Bed Sea the nakedness of this blighted 
land is unbroken but by the valley qf the Nile and a few oases in 
its neighbourhood. 

In the west about 760,000 miles, an area equal to that of the 
Mediterranean Sea, and, in some parts, of a lower level, is covered 
by the trackless sands of the Sahara desert, which is even prolonged 
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for miles into the Atlantic Ocean in the form of sand-banks. This 
„ fleserfc is alternately scorched by heat and pinched by cold. The 
wind blows from the east nine months in the year; and at the 
equinoxes it rushes in a hurricane, driving the sand in clouds before 
it, producing the darkness of night at midday, and overwhelming 
Caravans of men and animals in common destruction. Then the 
sand is heaped up in waves ever varying \ith the blast ; even the 
atmosphere is sand. The desolation of this dreary waste, boundless 
to the eye as the ocean, is terrific and sublime ; the dry heated air is 
like a red vapour, the setting sun seems to be a volcanic fire, and at 
tAaes the burning wind of the desert is the blast of death. There 
ailtenany salt lakes to the north, and even the springs are of brine ; 
thick incrustations of dazzling salt cover the ground, and the par- 
ticles, .carried aloft by whirlwinds, flash in the sun like diamonds. 

Sand is not the only character of the desert ; tracts of gravel and 
low bare rocks occur tflt times, not less barren and dreary ; but <® 
the eastern and northern borders of the Sahara fresh water rises 
* near the surface, and produces an occasional oasis where barrenness 
and* vitality meet. The oases are generally depressed below the 
level of the desert, with an arenaceous or calcareous border enclos- 
ing their emerald verduro like a frame. The smaller oases produce 
herbage, ferns, acacias, and som& shrubs ; forests of date-palms grow 
in the Jarger, which are the resort *of lions, c panthers, gazelles, 
repfil^ and a variety of birds. 

In the Nubian and Libyan deserts, to the east of the Sahara, the 
continent shelves down towards the Mediterranean^ in a series of 
terraces, consisting of vast level sandy or gravelly deserts, lying 
east and west, separated by low rocky ridges. This shelving 
country, which is only £40 feet above the sea at the distance of 750 
miles inland, is cut transversely by the Nile, and by a deep furrow 
parallel to it, in which there is a long line of oases, This furrow, 
the Nile, and the Red Sea, nearly parallel to both, are flanked by 
rocky eminences which run north from the table-land. 

On the interminable sands and rocks of these deserts no animal — 
no insect — breaks the dTcad silence ; not a tree nor a shrub is to bo 
seen in thiq land without a shadow. In the glare of noon the air 
quivers with tlje heat reflected from the red sand, and in the night 
It is chilled under ‘a clear sky sparkling with its host of stars. 
Strangely but beautifully contrasted with these soorched solitudes 
is the narrow valley of the Nile, threading the desert for 1000 miles 
in emerald green, with its blue waters foaming with rapids among 
wild rocks, or quietly spreading in a calm stream amidst fields of 
com and the august monuments of past ages. 

At the distance of a few days* journey west from the Nile, over 
a hideous flinty plain, lies the furrow already mentioned, trending 
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to the north, And containing the oases of Darfur, Selime, the Great 
and Little Oases, and the parallel valleys of the Natron Lakes, and 
Bahr-Belama or the “ Dry River.” The Great Oasis, or Oasis of 
Thebes, is 120 miles long and 4 or 5 broad ; the Lesser Oasis, 
separated from it by 40 miles of desert, is of the same form. Both 
are rich in verdure and cultivation, with villages amid palm-groves 
and date-plantations, mixed with the ruins of remote antiquity, 
offering scenes of peaceful and soft beauty contrasted with the sur- 
rounding gloom. The Natron Lakes are in the northern part of 
the Valley of Nitrim, 35 miles west of the Nile ; the southern part 
is a beautiful retired spot, that became the retreat of Chfistftn 
monks in the middle of the second century, and at one timettm- 
tained 360 convents, of which only 4 remain ; from these some 
ancient valuable manuscripts have been obtained. 

Another line ©f oases runs along the latituc^p of Cairo, with fresh- 
water lakes no less fertile than the preceding. In one of them are 
the ruins of the Temple of Jupiter Ammon. % 

Hundreds of miles on the northern edge of the desert, froip the 
Atlantic along the southern foot of the Atlas to the great Syrtis, 
are pasture-lands without a tree — an ocean of verdure. At the 
Great Syrtis the Sahara reaches t^e shores of the Mediterranean ; 
and, indeed, for 1100 miles between the termination of the Atlas 
and the little table-land of Barca, the ground is s3 unproducjjvg that 
the population only amounts to about 30,000, and thedb are mostly 
wandering tribes who feed their flocks on * the grassy steppes. * 
Magnificent oountries lie along the Mediterranean coast north of 
the Atlas, susceptible of cultivation. History, and the ruins of 
many cities, attest their former splendour; even now there are 
many populous commercial centres, and much grain is raised, 
though a great part of these valuable kingdoms is badly cultivated 
or not cultivated at all. 

The base of the sandy parts of North Africa is stiff clay ; in 
Lower Nubia, between the parallels of Assouan and Esneh, red and 
white granite prevail, followed by argillaceous slaves and sand- 
stone ; Middle Egypt is calcareous, for the great band of num- 
malite limestone, so ably traced by Sir R. Murchisomover nearly a 
third of the globe, from the Bay of Biscay to the shores of Aracan, 
crosses Africa between the parallels of 16° and 20° of N. lat., and 
lower down the surface is covered by t£e alluvial deposits of the 
Nile. 

It would appear that Southern* Africa, though, similar in its 
unbroken surface and peninsular shape to South America, bears no 
resemblance to it in other respects, but has a great analogy to the 
Deccan in its triangular form, its elevated platform, and in the ( 
position of its encompassing mountain-chains, if, as there is reason. 
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to believe, from the fertile region to the north, either that South 
Africa descends in a succession of terraces to the low lands, or 
that the Komri mountains have a real existence, and run directly 
across the continent ; besides, there is evidence that the tertiary 
strata on the table-land, as in the Deccan, have been the basin of a 
great fresh-water lake. 1 

The prodigious extent of desert is one of the most extraordinary 
, circumstances in the structure of the old continent. A zone of almost 
irretrievable desolation prevails from the Atlantic Ocean across 

a a and through Central Asia almost to the shores of the Pacific 
least 120 degrees of longitude, because this long tract is flanked 
'almost continued chain of mountains and table-land which 
drain the prevailing winds of their moisture. There are also many 
long districts of the same sterile nature in Europe ; and if to these 
sandy plains the deserts of Siberia be added, together with all the 
barren and rocky mod&taan tracts, the unproductive land in the Old 
World is prodigious. The quantity of salt on* the sandy plains 
is great, and proves that they have been part of the bed of the 
ocean or of inland seas at no very remote geological period. The 
low lands round the Black Sea and Caspian, and the Lake erf Aral, 
seem to have been the most recently Raised from the sea, from the 
great proportion of shells in them identical with those now existing 
hi these geas. The same may be said»of the Sahara desert, where 
salt Stffi recent shells are plentiful. 


1 Johnston's Physical Atlas, 
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CHAPTER VI XL 

American Continent — The Mountains of South America — The Andes — 
The Mountains of the Parima and Brazil. 

Some thinner portion of the crust of the globe under the mericHBhs 
that traverse the continent of America from Cape Horn to the 
Arctic Ocean must have yielded to the expansive forces. of the sub- 
terranean fires, or been rent by contraction of the strata in cooling. 
Through this the Andes have arisen, produein| the greatest influence 
on the form of the continent, and the peculiar simplicity that pre- 
vails in its principal mountain systems, which, with very # few 
exceptions, have a general tendency from north to south. The 
continent is 9000 miles long, and, consisting of two great peninsulas 
joined by a long narrow isthmus, it is divided by nature into the 
three parts, of South, Central, and &orth America ;*yet these three 
are connected by the mighty chain of the Andes, only inferior in 
height to the Himalaya, running along the coast of* the Pacific 
from within the Arctic nearly to the Antarctic circle. In this 
course every variety of climate is to be met with, from the rigour of 
polar congelation to the scorching heat of the torrid zone ; while the 
mountains are so high that the same extremes of heat and cold may 
be experienced in the journey of a few jhours from the burning 
sands which form the coasts of Peru tb the snow-clad peaks that 
tower above them. In this long^chain there are three distinct varieties , 
of character, nearly, though not entirely, corresponding to the three j 
natural divisions of the continent. The Andes of South America » 
differ materially from those Qf Central America and Jlexico, while j 
both are dissimilar to the North American prolongation of the i 
chain, generally known as the Bocky Mountains. 

The greatest length of South America from Cape Horn to the 
Isthmus of Panama is about 4020 geographical miles. It is very 
narrow at its southern extremity, but increases in width northwards 
to the latitude of Cape San Boque on the Atlantic, between which and 
Cape Blanco on the Pacific it attams,its greatest breadth, of nearly 
2750 miles. It consists of three mountain systems, separated by 
the basins of three of the greatest rivers in the world. ‘The Andes 
run along the western coast from Cape Horn to the Isthmus of 
Panama, in a single chain of inconsiderable width but majestic 
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height, dipping rapidly to the narrow plains on the Pacific, but 
descending on the east by huge spurs or offsets, and deep valleys, to 
plains of vast extent, whose level is for hundreds of miles as 
unbroken as that of the ocean by which they are bounded. Never- 
theless two detached mountain systems rise from these plains, one 
in Brazil between the Rio de la Plata and the river Amazon ; the 
other that of Panina and Guiana, between the river Amazon and 
the Orinoco. 

The great chain of the Andes first raises its crest above the 
toivqs of the Antarctic Ocean in the majestic sombre mass of Gape 
Arn* the southernmost point of the archipelago of Tierra del 
Fife§;o. This group of mountainous islands, equal in size to Great 
Britain, is separated from the mainland by the Strait of Magellan. 
The islands are penetrated in every direction by bays and narrow 
inlets of the sea, or fjords, ending often in glaciers fed by the snow 
on the summits of mountains G000 feet high. Peat-mosses cover 
the higher declivities of these mountains, and their flanks are 
covered with densely entangled forests of brown beech, which never 
lose their dusky leaves, producing altogether a savage and melan- 
choly landscape. The mountains which occupy the western side 
of this cluster of islands 4, sink dpwn i*> extensive plains towards the 
east, like the continent itself, of which the archipelago is but the 
sou th|riF prolongati on . 1 * * 

ThePaoihc washes the very base of tho Patagonian Andes for 
about 1000 miles, from Cape Horn to the 40th parallel of south 
latitude. The whole coast is lined by a succession of archipelagos 
and islands, separated from the iron-bound shores by narrow arms 
of the sea, which, in the more southern part, are im fact profound 
longitudinal vfeUeys of the Andes filled by tlie ocean, so that the 
islands running parallel to tShe axis of these mountains are but the 
summits of an exterior range rising kbove the sea. 

The coast itself foT 650 miles is begirt by walls of granite rock, 
which sink into unfathomable depths, torn by long crevice^or fiords, 
similar to thqse on the Norwegian shGre, and ending in tremendous 
glaciers, whose masses, falling with a crash like thunder, drive the 
sea in sweeping breakers through these chasms. The islands and 
the mainland axe thickly clothed with forests, which are of a less 
sombre aspect as the latitude decreases. 

Between the Pass of dliacabuco north of Santiago, the capital of 
Chile, and the archipelago of Chiloe, a chain of hills, composed in 

1 The Surveys of the late Admiral P. B. King and Admiral Fitzroy, Mr. 

Darwin’s 4 Journal of a Naturalist,* Dr. Pceppig's 4 Travels in South America,* 
are the authorities from which the author has drawn for the account of Tierra 

del Fuego, Patagonia, and Chile ; Humboldt, Mr. Pentland, Dr*. Pccppig and 

Meyer of Berlin, for Peru and the Andean Chain to the Isthmus of Panamd. 
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general of granite rocks, borders the coast ; between which and 
the Andes exists a longitudinal valley, well watered by the rivers 
diBcending from the central chain, and* which constitutes the most 
fertile j)ortion, nay the garden of the Chilian republic — the rich pro- 
vinces of Santiago, Talca, Cauquenes, and Concepcion. This longitu- 
dinal depression may be considered as a prolongation northwards of 
the strait that separates Chiloe from the mainland. Many peaks of 
the Andes enter within the limits of perpetual snow, between the 
40th and 31st parallels ; some of which are active volcanoes. In 
lat. 32° 39' rises the giant of the American Andes, the Nev^doeof 
Aconcagua, which towers over the Chilian village of the same naryle, 
and is so clearly visible from Valparaiso. Although designated^ a 
volcano, a term generally applied in Chile to every elevated and 
snowy peak, it offers no trace of modem igneous origin. • It appears 
to be composed of a species of porphyry generally found in the 
centre of the Chilian chain. Its height, according to Admiral 
Beechey’s very accurate observations, exceeds 23,910 feel* 1 And in 
the same group, but farther south, the Nevado of Tupungato. .The 
line of perpetual snow makes a remarkable bend in C^ile ; in lat. 
33" 8' it is 12,7^0 feet above the sea level ; seven degrees fai ther 
south, on the parallel of Valdjyia, it sinks *to 8300 ; and at Copiaj o 
it rises to 13,800. 9 

About the latitude of Consepcion the dense fofests of Arwrijjarias 
and of other semi-tropical plants cease with its huzfiid equable 
climate ; and as no rain falls in central Chile for nine months in 
the year, the Jjrown, jiurjde, and tile-red hills and mountains are 
only dotted here and there with low trees and hushes ; very soon, 
however, after the heavy showers have moistened the cracked 
ground, it is covered with a beautiful but transient flora. In some 
valleys it is more permanent and of d tropical character, mixed 
with alpine plants. 2 * * * * In Northern Chile rain falls only once in two 
or three years, the consequence of wliicli is sterility on the western 
precipitous and unbroken descent of the Andes : on the eribt, two 
secondary groups separate from the central Cordillera, which extend 
300 or 400 miles into the plains, wooded to a great height. The 
Sierra de Cordova, the most southern of these, commences between 
the 33rd and 31st parallels, and extends in the direction of the 
Pampas ; more to the north the mountains of Salta and Jujuy 
stretch from the valley of Catamarca ani Tucuman towards the 
Bio Vermejo, one of the tributaries of the Bio de la Plata. 

1 This great height has been deduced, adopting the position of the Peak as 

fixed by Admiral FitzRoy, and employing the angles of elevation observed near 

Valparaiso by the late Admiral Beechey.* Lieut. Gillies of the American 

Astronomical Expedition to Chile gives only 22,200 feet for the altitude of 

this Nevado. * * Dr. Pceppig*s Travels. 

F 
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To the north of Chile succeeds the province of Atacama stretching 
froth the sea to the snowy Cordillera, a region of desolate sands and 
bare rock, without water, vegetation, and with scarcely a living 
Creature. Two years have sometimes passed without a shower. 
The chief town, S. Pedro de Atacama, at the north extremity of a 
great salt lake, contains 5000 inhabitants ; along its river there is 
some cultivation. The valley of Atacama is about 7400 feet above 
the sea ; in the Andes east of it rise several very elevated peaks, one 
of which, Hlaska, 19,600 feet high, is an active volcano, constantly 
emitting smoke from its summit. About 100 miles south of this is 
tlfi) mountain of Llullaillaco, one of the most elevated peaks in the 
CK&ah Andes, after that of Aconcagua. 

The chain takes the name of the Peruvian Andes about the 24th 
degree # of sputh latitude, and is separated from the Pacific by a 
range of hills composed of crystalline rocks, parallel to the sea 
coast, and by an inteitoeipng sandy deseft, seldom above 60 miles 
broad, on which rain scarcely ever falls, where bare rocks pierce 
through, the moving sand. The width of this coast regiod is nearly 
the same to the Isthmus of Panama, but damp luxuriant forests, 
full of orchidaceous plants, begin to show themselves about the 
latitude of Payta, and continue northwards through the provinces 
of Guayaquil, lias Esmcraldas, and Darien. 

• Prompts southern extremity to tljp Nevado of Chorolque, 

21° lat., the Peruvian Andes form one grand and continuous 

range of mountains, but north of that peak the chain divides into 
two longitudinal ridges, which enclose a series of valleys or table- 
lands, forming so many basins, separated at variola points by 
transverse groups or mountain-knots, or by single r&$$es crossing 
between them like dykes, a structure that piMails to Pasto, 
1° 13' N. lat. * 

TJnlike the table-lands of Asia at great elevations, where culti- 
vation is confined to the more sheltered spots, or those still lower 
in Europe, which are only fit for pasture, these lofty regions of the 
Andes yield exuberant crops of every kind of European grain, 
and have many populous cities enjoying the luxuries of civilized 
life, with universities, libraries, civil and religious establishments, 
at altitudes eqjial to that of the Peak of Teneriffe, which is 12,170 
feet above the seavlevel. Villages are situated and mines are 
worked at heights as great or even greater than the top of Mont 
Blanc. 1 This state is not limited to the present times, since these 
table-lands were made the centre of civilization by a race of men 
which “ bear the same relation to the Incas and the present inha- 

1 The celebrated silver mines §F Potosi were, until within the last fitly 
years, worked to the very summit of that metalliferous mountain, 16,150 feet 
above the sea level. 
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bitants that the Etruscans bear to the ancient Homans and to the 
Italians of our own days.” • 

* The table-land or valley of Desaguadero, one of the most remark- 
able of these basins, has an absolute altitude of 12, §00 feet, and a 
breadth varying from 30 to 60 miles : it stretches 400 miles be- 
tween the two parallel chains of the Andes, and between the trans- ' 
verse mountain-groups of Lipez, in 20° S. lat., and the gieat 
mountain-knot of Vilcailota, which, extending from east to west, 
shuts in the valley on the northAvest ; it occupies an area three 
times as large as Switzerland, some of the snowy peaks. Yiping 
6300 feet above the surface of the table-land, from whicjt an 
idea rhay be formed of the gigantic scale of this portion \>t the # 
Andes. This valley is bounded on each side by the two grand 
chains of the Peru-Bolivian Andes : that on the west is the Cordil- 
lera of the coast ; the range on the east is the Bolivian Cordillera, 
prOperly speaking ; called in its north-weS? prolongation the Cor- 
dillera Real. 1 * * * * * These two rows of mountains lie so year to each 
other that the v^bole* breadth of the table-land, including Ijoth, is 
only 226 milqp. All the snowy peaks of the Cordilleras of the coast 
are either active volcanoes or of igneous origin, and are all situate near 
the maritime declivity of Ijie chain ; consequently, the descent to 
the shores of the Pacific is eveiy where very abrttpt. The eastern 
Cordillera, which* begins noar the metalliferous* mountain gf Potosi, 
is below the level of perpetual snow to the south, but ifs northern 
I>ortion contains the three peaked mountains of Ancohuma or the 
Nevado of Sorata, of Suptiiwasi, and Illimani, and is one of the 
most magnificent portions of the Andes. 8 The snowy part begins 
with the gigantic mass of Illimani, whose serrated ridges are elon- 
gated in the direction of the axis of the eliain. The lowest glacier 
on its southern sk>i>e does not descend below 16,500 feet, and the 
valley of Tortoral, a mere gulf in which Vesuvius might stand, 
comes between Illimani and the Nejado of La Mcsada, from whence 
the Eastern Cordillera runs to the north-west in a continuous line of 
snow-clad peaks to the groqp of Vilcafiota, where it ynites with the 
Western. The sharp and serrated chain on the east forms a striking 
contrast with the conical and dome-shaped Cordillera of the coast. 
All the rivers and streams that rise on the west side* of the Cordillera 
of the coast flow to the affluents yf the Amazon, through the deep 
gorges in the western Cordillera betweefl Illimani and the Nevado 
of Sorata. 


1 Humboldt and Mr. Pentland. 

* The breadth of the table-land, and the two Cordilleras of the Bolivian 

Andes given m the text, was measured by Mr. Pentland; he also detei mined 

the heights of Illimani to be 21,150 feet; of Supaiwasi, or Huayna Potosi, 

20,260 feet; and of Ancohuma, or the Nevado of Soiata, 21,290 feet. 

F 2 
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The valley of the Desaguadero, occupying 160,000 square miles, 
has & considerable variety of surface ; in the south, throughout the 
mining districts, it is cold and unproductive. Potosi, the highest 
city in the wdfrld, stands at an absolute elevation of 13,330 feet, 

' at the foot of a mountain celebrated for its silver-mines. Chuquisaca, 
the capital of Bolivia, containing 13,000 inhabitants, lies to the 
north-east of Potosi, in the midst of a cultivated district. The 
northern part of the valley is populous, and produces barley, 
potatoes, and in sheltered situltions even wheat and maize; and 
the (Cake of Titicaca, twenty times as large as the Lake of Geneva, 
filhtthe north-western portion of this great basin. The islancfp and 
shore# of this lake still exhibit ruins of gigantic magnitude, monu- 
ments of a people more ancient than the Incas. The modern city 
of La Paz with 40,000 inhabitants, a few leagues from its southern 
shores, stands in the bottom of a deep ravine, on each side of an 
impetuous torrent, descending from the neighbouring snowy pedks, 
having in full view the vast Nevado of Illimani to the east-south- 
east, at ^distance of seven leagues. 

Many offsets are given off from the eastern side the Bolivian ’ 
Cordillera, which terminate in the great plains of Chiquitos and 
Paraguay ; the most important is the Cordillera of Yuracaraes, 
which bounds the rich valley of Cochabamba on the north, and 
ends ne$r*the town r of Santa Cruz de la*Sierra. ' 

There ^aref some fertile valleys in the snow-capped group of 
Vilcaffota and Cusco. The city of Cusco, which contains nearly 
50,000 inhabitants, was the capital of the empire of the Incas : it 
still contains numerous ruins of that dynasty, among which the 
remains of the Temple of the Sun, and the Cyclopean Fortress that 
towers over it on the north, still mark its former splendour. Four 
ancient Peruvian roads led 1 from Cusco to the different parts of 
the empire, little inferior in many respects to the old Roman ways : 
all crossing mountain-passes Jjigher than the summit of the Peak * 
of Teneriffe. On the northern prolongation of the chain, in lat. 
11° S., encircled by the Andes, is th? elevated plain of Bombon, 
near to the celebrated silver-mines of Pasco, at a height of 14,000 
feot above the sea. In it is situated the Lake of Lauricocha? which 
may be considered from its remoteness, as one of the sources of the 
Amazon. Inhere are many sijiall lakes on the table-lands and 
high valleys of the Andfes, some even within the range of per- 
petual snow. They are very cold and deep, ofted of the purest 
sea-green colour. ^ 

The chain of the Andes is divided into three ranges of moun- 
tains illnning from south to north in the transverse group or 
mountain-knot of Pasco and Huanuco, which shuts in the valley of 
Bombon between the 11th and 10th parallels of south latitude : 
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that in the centre separates the wide fertile valley of the Upper 
Marafion irom the still richer valley of the Huallaga, whilst the 
more eastern forms the barrier between tho latter and the tropical 
valley of the Yucayali. The western chain alone attains the limit 
of perpetual snow, and, if we except the Nevado of Huaylillas, in 
7° 50', no mountain north of this for nearly 400 miles to the Andes 
of Quito reaches the snow-line. 

In lat. 4° 50' S. the Andes form the mountain-knot of Loxa, 
celebrated for its forests, in which the Cinchona or Peruvian, bark 
was first discovered. From this knot the chain divides into f two 
ggpat longitudinal ridges or cordilleras, in an extent of 350 ’ftiles 
passing through the republic of the Equator to the mountain- 
group of Los Pastos in that of New Grenada. These ridges en- 
close a great longitudinal basin, which, divided by the erdss ridges 
of Assuay and Chisincke, into thiee jjorfrions* form the valleys 
df Cuenca, La Tapia, and Quito. The plain of Cufcnca offers little 
interest ; that of La Tapia is magnificent ; whilst the valley of 
Quito is one of extraordinary beauty : on either side rise a series 
of snow-capped peaks, celebrated in every way in the history of 
science, as the valley itself is in that of fhe aboriginal races of the 
New World. Here the dhergios of volcanic action have been 
studied with the "reatest advantage ; here, mo^e than one hundred 
years ago, was executed that measurement of an arc of tli Meridian 
which afforded the most accurate data at the time towards the 
determination of the mass and form of our planet, and which has 
conferred eternal honour on the body with which it originated, the 
French Academy of * Sciences ; and celebrity on the names of 
Bouguier, La Condamine, Juan, Ulloa, and Godin, who conducted 
it on the part of the crowns of France.anJ of Spain. 

The Cordillera or ridge which hems in the valley of Quito on the 
east contains the snow-capped peaks of Antisana, Cotopaxi, one of 
the most beautiful of active volcanoes, whose dazzling cone rises to a 
height of 18,775 feet, of Tungaragua, and el- Altar — once equal to 
Chimborazo in height — and Sangay. The western *range includes 
the edgantic Chimborazo, which may be seen from the coasts of the 
Pacific, the pyramidal peak of Illinissa, the wr^k'of an ancient 
volcano. The height of Illinissa was measured by the French Aca- 
demicians, by a very careful direct operation — above the level of 
the ocean, the latter being visible from it ; and by its means the 
absolute elevation of th.Q valley of Quito, and of the other peaks that 
encircle it, was deduced, as well as the first approximate value of the 
barometrical coefficient. North of Chimborazo and near it is the 
Carguairazo, and close to the city of Quito rises the scarcely less cele- 
brated volcano of Pichincha, whilst the Nevado of Cayambe — whose 
summit, elevated 19,535 feet, is traversed by the equator — perhap# 
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the greatest and most remarkable landmark on the earth’s surface, 
doses the north-east extremity t>f this great Andean depression. 

The valley of Quito, one of the finest in the Andes, is 200 miles 
long and 30 wide, with a mean elevation above the sea of 10,000 
feet, and bounded by the most magnificent series of volcanic moun- 
tains in the New World. A peculiar interest is attached to two of 
the many volcanoes in the parallel Cordilleras that flank it. The 
beautiful snow-clad cone of Cayambb Urcu, as already stated, 
traversed by the equator, closes it on the north ; and on the western 
side*the cross ‘still stands on the summit of Picbincha, 15,924 feet 
abotfj&jbhe Pacific, which served as a signal to Bouguier and La Co®- 
damine in thdir memorable measurement of the Equatorial arc of 
the meridian. 1 

Some f>arts # of the plain of Quito to the south are sterile, but the 
soil generally is fertile^ and perpetual spring clothes it with exu- 
berant vegetation. The cfty of Quito, at the base of Pichinchtf, 
containing 70,000 inhabitants, has an absolute height of 9540 feet. 
It is regularly and well built ; the churches are rich ; it possesses an 
university, and many of the comforts and luxuries of civilized life, 
in a situation of unrivalled grandeur. Thus, on the very summit 
of the Andes there id>a world by itself,' with its mountains and its 
valleys, its lakes aqd rivers, populous towns and cultivated field** 
Many monuments of the Incas are still found in good preservation in 
these plains, where the scenery is most noble — eleven volcanic cones 
are visible from one spot. A lthough the Andes are inferior in height 
to the Himalaya, yet the domes of trachyte, the truncated cones of 
the active volcanoes, and the serrated mins orthose that are extinct, 
mixed with the bold features of primary mountains, give an infinitely 
greater variety to the scene‘s wljile the smoke and very often the flame, 
issuing from these regions of perpetual snow, increase its sublimity. 
Stupendous as these mountains appear even from the plain? of the 
table-land, they are merely the inequalities of the tops of the Andes, 
the serrated summit of that mighty chain. 

Between the large group of Los PastOs, containing several active 
volcanoes, and the group of Las Papas, in the second degree of north 
latitude, the bottom of the valley is only 6920 feet above the sea 5 
and north of the fatter mountain-knot the crest of the Andes splits 
into three Cordilleras, which diverge not again to unite. The mos£ 
westerly of these, the range of Choco, which may be considered th* 
continuation of the great chain, separates ,the valley of the river 
Cauca from the Pacific ; it is only 5000 feet high, and the lowest of 
the three. Though but *20 miles broad, it is so steep and so difficult 
of access, that travellers cannot cross it on mules, but are carried on 
men’s shoulders; it is rich in alluvial deposits of gold and platina. 

1 Humboldt, 
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The central branch, or Cordillera of Quindiu* rims due north between 
the valleys of the Magdalena and Caupa, rising to a great height in 
the volcanic Peak qf Tolima. The two last chains are united by the 
mountain-knot of Antioquia, of which little more is known than 
that it forms two great masses, which, after separating the streams * 
of the Magdalena, Cauca, and Atrato, trends to the N.W., greatly 
reduced in height* and with the chain of Choco forms the low moun- 
tains of the Isthmus of Panama. The most easterly of the three 
Cordilleras, called the Sierra do la Summa Pqz, spreads out on itg 
western declivity into the table-lands of Bogota, Tunja, &c-, <Stc., 
the ancient Cundinamarca, which have an elevation of about 9000 
feet; whilst on its eastern slope are the sources of the rivers Gua- 
viari and Meta, the head waters of the Orinoco. The great natural 
crevice of Icononzo occurs in the path leading from* the* city of 
Santaf F4 de Bogota to the banks of the Bfagdalena. It probably 
was formed by an earthquake, and is *like an unfilled mineral 
vein, across which are two natural bridges : the lowesfSs composed 
of stones that have been jammed between the rocks in their fall. 1 
This Cordillera comprises the Andes of Cundinamarca and Merida, 
and runs in a north-eastern direction through New Granada to the 
10th northern parallel, whcie it jk)ins the coast-chain of Venezuela 
or Caraccas, and ends at Cape Paria in the Caribbean Sea, or rathpr 
at the eastern extremity of the island of Trinidad. Thi§ <Ja?t-cham 
is so majestic and beautiful that Baron Humboldt says it ife like 
the Afips rising out of the sea without their snow. The insulated 
group of Santa Martha, 19,000 feet high, deeply covered with snow, 
stands on an extensive plain, between the delta of the Magdalena and 
the sea-lake of Maracaybo, and is a landmark to mariners far off in 
the Caribbean Sea. 

The passes over the Chilian Andes are numerous : the doublq one 
of the Portillo, leading from St. Jago*to Mendoza, is the highest ; it 
crosses two ridges, offering a valley between, a diminutive repre- 
sentation of the great reru-Bolivian depression and of the valley 
of Quito; the most elevated is so high that vegetation -ceases far 
bqjow its summit. Those in Peru are higher, though very few 
reach the snow-line. In Bolivia the mean elevation* of the passes 
In the western and eastern Cordillera is 14,892 *and 11,422 feet 
respectively. That leading from Sorata % to the auriferous valley of 
Tipuani is perhaps the highest in Bolivia. From the total absence 
of vegetation and the intqn^e cold, it is supposed to exceed 16,000 
feet above the Pacific. The pass ef Quindiu, in Columbia, though 
not so high, is the most difficult of all across the Andes; but 
those crossing the mountain-knots from one table-land to another 
. are the most dangerous. For example, that over the Paramb del 

1 Humboldt. 
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Assuay, in the plain of Quito, where the road is nearly as high, as 
Mont Blanc ; and travellers not unfrequently perish from cold winds 
in attempting it. 1 

On the western side of the Peruvian Andes little or no rain falls, 
except at their most southern extremity ; and scanty vegetation ap- 
pears only on spots or in small valleys watered by streams from the 
Andes. Excessive heat and moisture combine to cover the eastern 
side and its offsets with tangled forests of large trees and dense 
brushwood. This exuberance diminishes as the height increases, 
1;itt at last the barren rocks are covered only by snow and glaciers. 
^n.the # Andes near the equator glaciers descending below the snow- 
line arc unknown. The steepness of the declivities and the dryness 
of the air, at such great elevations, prevent any accumulation of in- 
filtrated water : the annual variations of temperature besides are 
small. Nothing can surpass thd desolation of these regions, Vhere 
nature has been shaken by terrific convulsions. The dazzling snow 
fatigues thsreye ; the huge masses of bold rock, the mural preci- 
pices,, and the chasms yawning into dark unknown depths, strike 
the imagination ; while the crash of the avalanche or the rolling 
thunder of the volcano startles the ear. In the dead of night, when 
the sky is clear and the r wind hashed* the hollow moaning of the 
volcanic fire fills* the Indian with superstitious dread in the death- 
like stjUttes? of these solitudes. • 

In the verjr elevated plains in the tiansversc groups, such as that 
of Bombon, however pure the sky, the landscape is lurid and colour- 
less : the dark-blue shadows are deeply defined, and from the thin- 
ness of the air it is hardly possible to make a just estimate of dis- 
tance. Changes of weather are sudden and violent ; clouds of black 
vapour arise, and are carried by fierce winds over the barren plains ; 
snow and hail are driven with* irresistible impetuosity ; and thunder- 
storms come on, loud and awffil, without warning. Notwithstand- 
ing the thinness of the air, the crash of the peals is quite appalling ; 
while the lightning runs along the scorched grass, and, sometimes 
issuing from the ground, destroys a team of mules oj a flock of 

sheep at one flash. 8 

1 

1 It appeara by the measurements of Mr. Pentland in the Peru-Bolivian, 
Andes, that many of their passes are higher than in the equatorial portion of 
the chain. The passes of Rumjhuasi, on the high road from Cusco to Arequipa, 
of Toledo (between Arequipa and Puno), <ff Gualillas and Chtillunquiani * 
(between Arica and La Paz), all in the Western Cordillera, attain the re- 
epective elevations of 16,160, 15,790, 14,750,* add 15,160 feet; whilst in the 
Eastern or Bolivian Cordillera the p&ses of Challa (between Oruro and Cocha- 
bamba), of Pacuani (between La Paz and Coroico), of Pumapacheta (between 
the lake of Titicaca and the affluents to the Amazon), of Vilrafiota (between 
the valley of the Collao and that of the river Yu cay), rise to heights of 13,600. 
15,350, 13,600, and 14,520 English feet. 

8 Poeppig? 
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Currents of warm air are occasionally met with on the # crest of the 
Andes^-an extraordinary phenomenon on such gelid heights, -which is 
not yef explained satisfactorily : they generally occur two hours after 
sun-set, are local and narrow, not exceeding a few fathoms in width, 
siitilar to the equally partial blasts of hot air in the Alps. A sin- 
gular instance, probably of earth-light, occurs in crossing the Andes 
from Chile to Mencfoza. On this rocky scene a peculiar brightness 
occasionally rests, a kind of undescribable reddish light, which 
. vanishes during the winter rains, and is not perceptible on suqny 
days. Dr. Posppig ascribes .the phenomenon to the dryness of the 
air : he was confirmed in his opinion from afterwards observing a • 
similar brightness on the coast of Peru, and it has also been seen in 
Egypt. * . 

The Andes descend to the eastern plains by a series of cultivated 
terraces, as those of Tucuman, Salta, and # Jujuy, in the republic of 
La Plata. That of Tucuman is 2500 feet above the se^ 

The low lands to the east of the Andes are divided by the table- 
lands and mountains of Parima and Brazil into three parts of very 
different aspect — the deserts and pampas of Patagonia and Buenos 
Ayres, the Silvas or woody basin of the Amazon, and the Llanos or 
grassy steppes of the Orinoco. The eastern table-lands nowhere 
exceed 2500 feet <jf absolute^heigjit. The plains«are so lo^y and fl£t, 
especially at the foot of the Andes, that a rise of 1000 feeVin the 
Atlantic Ocean- would submerge more than half the continent of 
South America. 

The system of Parima is a group of mountains scattered over a 
table-land not more \han 2000 feet above the sea, which extends 
600 or 700 miles from east to west, betwqpn the river Orinoco, the 
Kio Negro, the Amazon, and the Atlantic Ocean. It is’ quite un- 
connected with the Andes, being 80 leagues east from the moun- 
tains of New Granada. It begins 60 or 70 miles from the coast of 
Venezuela, and ascends by four successive terrages to undulating 
plains, which reach to within one or two degrees of the equator, 
and is twjce as long as it is fcroad. 

Seven chains, besides groups of mountains, traverse the table-land 
from west to east, of which the chief is the Sierra del Parima. Be- 
ginning at the mouth of the Met&, it crosses the plains of Esmeralda 
to the frontier of Brazil. This chain i% not more than 600 feet 
high, is everywhere abrupt, and forms the watershed between the 
tributaries of the Amazon and of the Orinoco. The Orinoco rises 
* on the northern side of the Sierra del Parima, and in its cir- 
cuitous course dvfcr the plains of Esmeralda it breaks through that 
chain and* the parallel one of the Maypures 36 mil*es to the south : 
dashing with violence against the transverse shelving rocks and 
dykes, it forms the magnificent series of rapids and« cataracts of 
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tfaypurts tad Atures, from whence the Parima mountain. have got 
the name of the Cordillera of the cataracts of the Orinoco.^ The 
chain is of granite, which forms the banks and fills the bed of the 
river, covered with luxuriant tropical vegetation, especially palm- 
forests. In the district of the Upper Orinoco, near Charichafa, 
there Is a granite rock which emits musical sounds at sunrise, like 
the notes of an organ, occasioned by the difference of temperature 
of the external air, and that which fills the deep narrow crevices 
with which the rock is everywhere tom. Something of the same 
kina occurs at Mount Sinai. 1 

The other parallel chains that extend over the table-land in Vene- 
zuela and Guiana, though not of great height, are rugged, and 
often crowned with mural ridges : they are separated by flat savan- 
nahs, generally barren in the dry season, but after the rains covered 
with a carpet of lon$ emerald-green grass, mixed with flowers. 
The vegetation in these countries is beautiful beyond imagination. 
The regions of the Upper Orinoco and Rio Negro, and of almost all 
the nfoun tains and banks of rivers in Guiana, are clothed with 
majestic and impenetrable forests, whose moist and hot recesses 
are the favourite abode of ( -the singular and beautiful family of the 
Orchideae. 

•Although all the cUioun tains of the system 6f Parima are wild and 
rugged* • ‘they, are not high. The inaccessible peak of the Cerro 
Duifla, which rises insulated 7155 feet above the plain of Esme- 
ralda, is the culminating point, and one of the highest mountains 
in South America east of the Andes. The fine savannahs of the 
Rupununi were the country of romance in theMays of Queen Eliza- 
beth. South of Pacaraime, near an inlet of the river, the far-faltted 
city of Manoa was supposed Jto stand, the object of the unfortunate 
expedition of Sir Walter Raleigh; $bout 11 miles south-west^ ef 
which is situate the lake Amucu, “ the Great Lake with goltifo 
hanks,” — great only during the periodical floods.* 

On the southeA side of the basin of thfi river Amazon lies the 
table-land of Brazil, nowhere more thatf 2500 feet high* which occu- 
pies half that 4 empire, together with part of the republics of the Rio 
de la Plata and TJruguay. Its form is a triangle, whose apex is at 
the confluence of the rivers Mamore and Beni ; and its base ex- 
tends, near the shores of the Atlantic, from foe mouth of the Bio de 
la Platd to within three degrees ’ of the donator. It is difficult to 
define the limits of this vast territory, but'K>me idea may he formed 
of it by following, the directioS of the rapids and cataracts of the 
rivers descending from it to the plains around. Thus a line drawn 
from the fall of the river of the Tocantins, in 3° 30'B. latitude, to 
the cataracts of the Madeira, in the eighth degree of S. latitude, will 
1 Humboldt. * Humboldt's Personal Narrative. 
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nearly mark its northern boundafy ;• from thence the line would 
run S.W. to the junction of the Mamore and Beni ; then turning 
to the S.E. along the ridges of mountains called the Cordillera 
Geral, and Sierra Parecis, it would proceed south to the cataract 
of the Parana, called the Sete Quedas, in 24° 30* S. latitude ; and 
lastly from thence, by the great falls of the river Iguassu, to the 
Morro de Santa Martha, in latitude 28° 40', south of the island of 
St. Catherine. • 

Chains of mountains, nearly parallel, extend from south-west to 
north-east, 700 miles along the base of the triangle, with a brrddth 
of about 400 miles. 0# these the Sierra do Mar, or the “ coast- 
chain,’^ reaches from the river Uruguay to Cape San Roque, never 
more distant than 20 miles from the Atlantic, except to the south 
of the bay of Santos, where it is 80. It is the richest botanical 
region in Brazil. Offsets diverge to the righj and left ; the granitic 
•peaks of the Corcovado and Tejuco, which 'form such picturesque* 
objects in that most magnificent of panoramas the bby of Rio de 
Janeiro, are the extremities of one. The parallel chain of Espen- 
ha^o, beginning near the town of San Paolo, and the continuous 
chains of the Serro Frio, forming the western boundary of the 
basin of the Rio San Francisco, ,is the "highest in Brazil, one of 
its mountains, Itambe, being 8426 feet above tlie sea. All the 
mountains in Brazil have n general tendency’"from south-west to 
north-east, except the transverse chain of the Sierra dos^Vertentes, 
which rise%60 miles south of Villa Rica, and runs in a tortuous 
line to its termination near the junction of the Mamore and Beni. 
It forms the watershed of the tributaries of the San Francisco and 
Amazon on the north, and those of the Rio de la Plata on the 
south ; its greatest height is 3500 *feet pbove the sea ; its western 
part, the Sierra Parecis, is merely a ‘succession of detached hills. 
This chain, the coast-chain \>f Venezuela, and the mountains of 
Parima, are the only ranges in the continent of America that do not 
entirely, or in some degree, lie in a meridional direction. 

Forests of magnificent trees, bound together by tangled creeping 
and parasitical plants, clothe the declivities of the mountains and 
line the banks of the Brazilian rivers, where the soil is rich and 
the verdure brilliant. Many of the plains on the table-land bear 
a coarse nutritious grass after the rains only, others forests of 
dwarf trees *, but vast undulating tracts are always verdant with 
excellent pasture intermixed with field| of com. Some parts consist 
of bare sand and rolled quartz ; and. the Caihpos Parecis, north of the 
Sierra dos Vertpntes, in the province of Mato Grosso, is a sandy 
desert of unknown extent, similar, but upon a smaller scale, to the 
Great Gobi on the tableland of Tibet. 
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CHAPTER IX. 

The Low Lands of South Ameiioa — Desert of Patagonia — The Pampas ot 
Bpenos Ayres — The Silvas of the Amazons — The Llanos of the Oimoco 
and Venezuela — Geological Notice. # 

Thb southern plains are the most barren of the three great tracts of 
American low lands: they stietch from Tierra del Fuego over 27 
degrees of latitude, or 1900 miles, nearly to Tucuman and the 
hilly country of Biazil i • IJalms grow at one extremity, deep snow 
covers the ojher many months in the year This enormous plain, 
of 1,620,000 square miles, begins on the eastern side of Tierra del 
Fifego,' which is a flat covered with tiees, and therefore superior to 
its continuation on the continent thiough eastern Patagonia, which, 
for 800 miles from the lavd’s-end to beyond the Rio Colorado, is a 
desert of shingle. V It is occasionally diversified by huge boulders, 
tufts of brqwn grass r Jow bushes armed yith thorny, salt lakes, with 
saline incrustations as white as snow, and by black basaltic plat- 
forms like plains ot iron, at the foot of the Andes, barren as the rest. 
Eastern Patagonia, however, is not one universal flat,*but a suc- 
cession of shingly horizontal plains at higher and Higher levels, 
separated by long lines of escarpments, the gable-ends of the 
tiers or> plains. The ascept is .small, for even at the foot of the 
Andes the highest ’of theSe platforms is only 3000 feet above the 
oedan. The plains are here and theiy intersected by a ravine or a 
stream, the waters of which do not fertilise the blighted soil. The 
transition from intense heat to intense cold is rapid, and piercing 
winds often rush m hurricanes* o\er these deserts, shunned even by 
the Indian, exiept when he crosses them to visit the tombs of his 
fathers. The, shingle, ends a few miles to the north of the Rio 
Colorado, there # the red calcateous earth of the Pampas begins, 
covered with coarse tufted grass, without a tree or bush to relieve 
the view. This country, wearly as level as the sea and without a 
stone, extends almost to the table-land ot Brazil ; and for 1000 miles 
between the Atlantic anclthe&ndes, interrupted only at considerable 
distances by a solitary umbu, the only tree of this soil, rising like a 
great landmark. This wide space, though almpst destitute of water, 
is not all of the same description. In the Pampas of Buenos Ayres 

1 Admiral P. B. King and Mr. Darwin. 
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there axe four distinct regions. For 180 miles west from Buenos 
Ayres they are covered with thistles and lucem of the most vivid 
green, so long as the moisture from the rain lasts. In Bpring the 
verdure fades, andto month afterwards the thistles shoot up 10 feet 
high, so dense and so protected by spines that they are impenetrable. 
During the summer the dried stalks are broken .by the wind, and ' 
the lucem again spreads freshness over the ground. The Pampas, 
for 430 miles west of this region, are covered with long tufted luxu- 
riant grass, intermixed with flowers, affording inexhaustible pasture 
to thousands of horses and cattle. This is followed by a tract of 
swamps and bogs, to which succeeds a region of ravines and stones ; 
and, lastly, a zone, reaching to the Andes, of thorny pushes anc^ 
dwarf trees forming a dense thicket. The plains in Entre Rios in 
Uruguay, those of Santa Fd, and a great ^>art of Cordova and ? Pucu- 
man, are of sward, with cattle farms. The d&nks of the Parana, 
and other tributaries of the La Plata, are adorned with^an infinite 
variety of tropical productions, especially the graceful* tyibe of 
palms ; and the river islands are bright with orange-groves." A 
desert of sand, called El Gran Chaco, exists west of the Paraguay, 
*he vegetable produce of which is confined .to varieties of the aloe 
and cactus tribes. Adjoining this desert are the Bolivian provinces 
of Chiquitos and Moxos, covered with forests and Jungles, the scene* 
•of the most laborious and beneficent exertions of the ^esiftif mis- 
sionaries towards the civilization of the aborigines of South America 
in the last century. 

The Pampas of Buenos Ayres, 1000 feet above the sea, sink to a 
low level along the foot of the Andes, where the streams from the 
mountains collect in large lakes, swamps, lagoons of great extent, 
and wide-spreading salt-marshes. The gwsftnp or lagoon of Ybera, 
of 1000 square miles, is entirely covered with aquatic plants. 
These swampS are swollen to thousands of square miles by the 
annual floods of the rivers, which also inundate the Pampas, leaving 
a fertilizing coat of mud.' Multitudes of animals perish in the 
floods, and the drought that* sometimes succeeds is \nore fdtal. 
Between the years 1H30 and 1832 two millions of cattle, died from 
want of food. Millions of animals are sometimes , destroyed by 
casual and dreadful conflagrations in these countries when covered 
with dry grass and thistles. 1 * 

The Silvas bordering on the river Amazon, lying in the centre of 
the continent, form the second division of the South American low 
lands. This country is more uneveif than the Pampas, and the 
vegetation is so dense that it can only be penetrated by sailing up 

1 Sir Woodbine Parish on Buenos Ayres, and Sir Francis Head's Journey ^ 
over the Pampas. 
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Jfche river or its tributaries. Tlie forests not only cover the basin of 
*he Amazon from the Cordillera of Chiquitos to the mountains of 
Parima, but also its limiting mountain-chains, the Sierra dos' 
Vertentes and Parima, so that^the whole forms ah area of woodland 
more than six times the size* of France, lying between the 18th 
parallel of south latitude and the 7th of north ; consequently Inter- 
tropical and traversed by the equator. There aje some 'marshy 
savannahs between the 3rd and 4th degrees of north latitude, and 
s^me grassy steppes south of the Pacaraimo chain ; but th*y are 
insignificant compared with the Silvas, which extend 1500 miles 
along the river, varying in breadth from 350 to 800 miles. Ac- 
cording to Humboldt, the soil, enriched fbr ages by the spoils of 
the forest, # consists of the richest mould. The heat is suffocating 
in the* deep and dark recesses of these primeval woods, where not a 
breath of air penetihtcs, and where, after being drenched by the 
periodical rains, the damp is so excessive that a blue mist rises in 
the earjy* morning among the huge stems of the trees, and envelops 
the Entangled- creepers stretching from bough to bough. A death*: 
like stillness prevails from sunrise to sunset, then the thousands of 
nocturnal animals that inhabit these forests join in one loud dis- 
cordant roaf, not continuous, °but fn bursts. The beasts seem to 
r be periqdically and unanimously roused by som,e unknown impulse, 
till the r forest rings in universal uproar. Profound silence prevails * 
at midnight, which is broken at the dawn of morning by another 
general roar of wild chorus. Birds too have their fits of silence 
and song ; after a pause they ** 

“ all burst forth in choral minstrelsy, 

As if sAme sudden gale had swept at once 
A hundred airy harps." — Colenjge . 

The whole for^ often resounds when the animal^ startled from 
their sleep, scream in terror at *the noise made by bands of !ts 
inhabitants flying from some night-prowling foe. Their anxiety 
ant terror before a thunder-storm is 'excessive, and all nature seems 
to partake t in the dread. The tops of the lofty trees rustle omi- 
nously, though not a breath of air agitates them ; a hollow whist- 
ling in the high regions of the atmosphere comes as a warning from, 
the black floating vapour ; midnight darkness envelops the ancient 
forests, which soon after groan and creak with the blast of the 
hurricane. The gloom is rendered still more hideous by thp vivid 
lightning and the stunning" crash of thunder.* Even Ashes are 
affected with the general consternation ; for in a few minutes the 
Amazon rages in waves like a stormy sea. 

The Llanos of the Orinoco and Venezuela, covered with long 
grass, form the third region of South American low lands, and 
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occupy 153,000 square miles between the deltas of the Orinoco and 
'the river Coqueta, level as the surface of the sea. It is possible to 
travel over these fiat plains for 1 100 miles from the delta of the 
Orinoco to the foot of the Andes of Pasto ; frequently there is not an 
eminence a foot high in hundreds of square miles. They are twice 
as long ^ as they are broad ; and as the wind blows constantly from 
the east, the climate is {he more ardent the farther west. These 
steppes for the most part are destitute of trees or bushes, yet in 
some places they are dotted with the Maurita and other palm-tree^ 
Plat as these plains are, there are in some places two kinds of in- 
equalities ; one consists of banks or shoals of grit or compact lime- 
stone, five or six feet high, perfectly level for several leagues, and 
imperceptible except on their edges : the other inequality can only 
be detected by levelling instruments ; it is called a Mesa, and is an 
eminence rising imperceptibly to the height of* dome fathoms. Small 
as the elevation is, a mesa forms the watershed from S.W. to N.E., 
between the affluents of the Orinoco and the streams flowing to the 
northern coast of Terra Firma. In the wet season, from April to 
th* end of October, the tropical rains pour down in torrents, and 
hundreds of square miles of the Llanos are jnundated by the -floods 
of the rivers. The water is’somefimes several fe«t deep in the 
hollows, in which so many horses and other animals perighj that* 
the ground retains the smell of musk, an odour peculiar to many 
South American quadrupeds. From the flatness of the country too, 
the waters of some affluents of the Orinoco are driven backwards 
by the floods of that river, especially when aided by the wind, and 
form temporary lakes. When the waters subside, these steppes, 
manured by the sediment, are mantled witji verdure, and produce 
the pine-apple plant % whilst occasional grou^i of fan palm-trees and 
mimosas skirt the rivers. When the dr£ weather returns, the grass 
is burnt up ; the air is filled with dust raised by currents occasioned 
by difference of temperature, even where there is no wind. If by any 
accident a spark of fire falls on the scorched plains, a conflagration 4 
spreads from river to river, destroying every living creature, and 
leaves the clayey soil sterile for years, till vicissitudes jof weather 
re-crumble the brick-like surface into a vegetable producing earth. 

The Llanos lie between the equator and the Tropic of Cancer ; 
the mean annual temperature is about 84° of Fahrenheit. The 
heat is most intense during the rainy season, when tremendous 
thunder-storms are of common occurrence. 

GEOLOGY OF SOUTH AMERICA.’ 

The most remarkable circumstance in the geological features of 
the South American continent is the vast development of volcanic 
action, which is confined to the chain of the Andes, where i% has 
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’$&}uired a considerable breadft, as in the Peru-Bolivian portion, in* 
*tbejpart nearest the soa-coast. It would be wrong, however, to say 
that there are no traces of modem volcanic action at a great dis- 
tance from the sea,: 1 it is one of those theories which recent 
discoveries in both continents have proved the fallacy of, lhe 
volcanic vents occur in the Andes in .linear groups : the reost 
southern of these is that of Chile, extending from the latitude of 
Chiloe to that of Santiago, 42° to 33° S. : in this space exist five 
\jell-authenticated craters in ignition*— the most southern is the 
volcano of Llanquihue or Osorno, observed by M. Gaye, and the 
most* northern that of Maypu, the fires of which are sometimes 
seen from the capital of Chile. Between these two are situated 
those of Vilfhrica, Antuco, and Chilian. The volcano of Antuco 
was, fn 1845, when visited by M. Domeyko, in great* activity ; its 
height, as determined by that naturalist, 891,8 feet only, and the 
snow line -on its sides 7996 feet above the sea; the volcano of 
Villarica is 120 miles S., and that of Chilian 80 miles N. of the 
voldhno of Antuco. From the 33rd parallel to the Bolivian frontier 
there does not appear to be a single volcanic vent, but in the pro- 
vince of Atacama rises „the volcano of Hlaska, east of San Pedro of 
Atacama, stilljn activity, attaining an elevation of 19,700 feet. 
‘The mountain of Isluga, in lat. 19° 11 ; , and, in the province* of 
Tarapaoi, js also an active volcano ; but the great centre of vol- 
canic action in this part of the Western Cordillera extends from 
18° 10' to 16° 20', where the Andes have changed their direction 
from being parallel to the meridian to one inclined nearly 45 degrees 
to that line. The trachytic giant domes of the Andes, Sahama, and 
the Nevado of Chuquibamba mark the N. and S. limits of this line 
of vents : the former, 6ne f of the most perfect trachytic pyramids 
in the Andes, rises to*a height of ( 22,350 feet, in lat. 18° 7' and 
long. 68° 54' W. ; near to it are the twin Nevados of Pomarape Afcd 
Parinacota, one of which appeared to Mr. Pentland still to^emlt 
vapours. The group of snowy peaks seen from Arica, the centre of 


1 Mr. Pentland found a very perfect^ volcanic crater, with WeU-marked 
currents of hva issuing tVom.it— a rare occurrence in the higher crater* of the 
Andes— not far from San Pedro de Cacha in ffite valley of the Yucay (lat. 14* 12’, . 
long. 71° 15' w., and at an elevation of 12,000 feet), near to the ruins of the 
Temple of the Inga Virafpcha, a monument and a locality celebrated in 
Peruvian legend, the nearest point of the sea-coast being 175 miles distant. It 

is probable that some of the most celebrated mining districts of Alto Peru 

Potosi, for instance, situated in porphyry — have been upheaved at a very 
recent period. Modern volcanic rocks are not wanting in the valley of the 
Desaguadero ; volcanic conglomerates exist in the deep ravines round the city 
of La Pas, lat. 16° 39' ; and the irfountain of Litanies, which furnishes the 
building-stone for that Bolivian city (lat. *16° 42', long. 68° 19J'), is composed 
of a most perfect trachyte, and rises to a height of 14,500 feet above, and at 
a distance of 160 miles from the Pacific. 
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which, the Nevado of Tacora, is in lat. 17° 43 # , offers a broken-dow& 
crater, and an active solfatara, on one of its sides. Between this 
point and the volcano of Arequipa no active volcano has been ob- 
served. It is well known that the latter has vomited flames and 
ashes, and spread desolation around, at a comparatively recent 
period ; 1 the crater of Uvinas, active in the 16th century, is now 
filled up and completely extinct. Between the latitude of Arequipa 
(16° 24') and the Equatorial group of volcanoes, the Andes do not 
present a single active crater. This Equatorial group extends ov^r 
a meridional line of 3£ degrees — between the Peak of Sangay and 
the Volcano of Los Pastos. The most remarkable of these volcanic 
vents are the Sangay, Tunguragua, and Cotopaxi, all situated in 
the Cordillera most remote from the ocean. Pichincha was in 
activity as recently as 1831 ; and north of the Equator, Tmbaburu, 
the volcanoes of Chiles, of Cumbal, of Tuquefes or Los Pastos, of 
Sotara ajid Purace, mark the extension of actual volcanic action 
into the northern hemisphere. 

Granite, which seems to be the base of the whole continent, 
is widely spread to the east* and south : it appears in Tierra del 
•Fuego and in the Patagonian Andes abundantly, at great eleva- 
tions, and in Chile and southern Peru forms th^ line of hills 
parallel to the Pacific, wherein are situated the jpineral riches of* 
the former republic ; but it % comes into view so rarely* ih the 
northern parts of the chain, that Humboldt says a person might 
travel years in the Andes of Peru and Quito without falling in 
with it. Jle never saw it at a greater height above the sea than 
11,500 feet. Gneiss is here and there associated with the granite, 
but mica schist is by much the most common of the crystalline 
rocks. Palaeozoic rocks abound in the Bqlivtan Cordillera ; and the 
Carboriferous Limestone, with its characteristic fossils, forms in the 
basin of Titicaca entire islands, amongst others that from which the 
lake takes its name, on* of the earliest seats of Peruvian civilization. 
Quartz rock, probably of the Devonian period, is much developed, 
generally mixed with mica, and rich in gold and specul&r irtn. It 
sometimes extends several leagues in the western declivities of ^eru 
6000 feet thick. Bed sandstone, with its gypseous and* saliferous 
marls, of the age of our English red marl, occurs abundantly in the 
Andes, and on the table-land east of them, where in some places, as 
in Colombia, ty spreads over thousands of square miles to the shores 
of the Atlantic. It is widely extended at altitudes of 10,000 and 
12,000 feet — for example, on the plain* of Tarqui and in the valley 
of Cuen 9 a. Coal is sometimes associated with it, and is found in 
the Andes of Pasco, in Peru, 14,750 feet above the sea. 

1 Dr. Weddell, in 1847, visited the crater of this volcano, which at that 
period only emitted masses of aqueous vapour from its fumaroles. 
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Porphyry abounds all over the Andes, from Patagonia to* 
Ifpombia, at every elevation, on the slopes and summits of the 
xribim tains, rising to the greatest elevation, but of very different 
ages and mineralogical characters. One variety which frequently 
occurs is rich in metals, and hence has been designated as metalli- 
ferous : in it are situated some of the most celebrated silver mines of 
Peru, those of Potosi, Oruro, Puno, &c. The bare and precipitous 
porphyritic rocks give great variety to the* colouring of the Andes, 
especially in Chile, where purple, tile-red, and br6wn are con- 
trasted with the snow on the summit of the chain. 1 

Trachyte, often so difficult to distinguish from porphyry* is per- 
haps still more abundant than the latter in the Andes ; many of the 
loftiest rocks, and all the great dome-shaped mountains, are formed 
of it/ It constitutes the masses of the Chimborazo, Pichincha, a*I 
Cayambc. Prodigious quantities of volcanic products, lava, .tufa, 
and obsidian, occur on Ihe western ridges of the Andes, wfcere vol- 
canoes are active. On the eastern side there are none. This is espe- 
cially the case in that part of the chain lying between the equator 
and Chile. The Bolivian Cordillera^, which encircle the valley of 
Desaguadero, furnish a striking example. The Cordillera of the coast* 
is composed of, crystalline and* strati lied rocks at its base, and of tra- 
. chytes, obsidian,, and trachytic conglomerates at greater elevations, 
while" t^e eastern Cordillera consists of stratified rocks of the palae- 
ozoic system, with granites, quartziferous porphyries, and syenites, 
injected, and of secondary rocks of the triassic period, red marls, 
containing gypsum, oolitic limestones, and rock-salt of* the most 
beautiful colours. Towards Chile, and throughout the Chilian Cor- 
dillera, here a single and undivided range, the case is different, 
because active volcanoes are there in the centre of the chain. 

Fossil-shells of different geological periods are found at various 
elevations, which shows that many upheavings and subsidences haVe 
taken place in the chain of the Andes. Mft Pentland found sh$ls 
of the Silurian period at a height of 17,500 feet, on the BolitfoivNe- 
vado of Anftakaua, lat. 16° 21', and those of the carboniferous lime- 
stones as high as 14,200 in several parts of Upper.'Peru. Mr. Darwin 
supposes ttat the whole range, after twice subsiding some thousand 
feet, was brought up by a slow movement in MIS during the Eocene 
period, after which it sank down once ‘'more trevferlft hundred feet, 
to be again uplifted to its present level by a slow a$d often inter- 
rupted motion. These vicissitudes are very ^perceptible, especially 
at its southern extremity. Stems of large, trees, which Mr. Darwin 
found in a fossil state in the Uspallatartange, on the eastern decli- 
vity of the Chilian Andes, now 700 mile* distant from the Atlantic, 
exhibit a remarkable example of such vicissitudes. These trees, 

1 Poeppig. 
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with the volcanib soil on which they had grown, had sunk from the 
beach to the bottom of a deep ocean, from which, after five alter- 
nations of sedimentary deposits and deluges of submarine lava of 
prodigious thickness, the whole mass was raised up, and now forms 
the Uspallata chain. Subsequently, by the wearing of streams, the 
embedded trunks have been brought into view in a silicified state, 
projecting from the soil in which they grew — now solid rock. 

“ Vast and scarcely comprehensible as such changes must ever 
appear, yet they have all occurred within a period recent when com- f 
pared with the history of the Cordillera ; and the Cordillera itselLis 
absolutely modem compared with many of ‘the fossiliferous strata 
of Europe and America.” 1 

From the quantity of shingle and sand in the valleys in the 
lower ridges, as well as at altitudes from 7000 to 9000 feet above 
the present level of the sea, it appears that ti$ whole area of the 
Chilian Andes has been upheaved by a gradual motion ; t\e coast is 
now jjsing in some places by the same imperceptible degrees ; it has 
been sometimes suddenly elevated by small upheavings of a few feet, 
accompanied by earthquakes, one of the most remarkable of which 
was that which shook the continent to an extent of 1000 miles on 
the 20th of February, 1835. 

On the eastern sidg of the Andes the continent /rom Tierra del 
Fuego to the Bio de la Plata appears to have been raised enmqsk by 
one great elevating force, acting equally and imperceptibly for 2000 
miles, within the period of the now living race of marine animals which, 
imbedded in many parts of these plains, even still retain their colours. 
The gradual* upward movement was interrupted by at least eight 
long periods of repose, marked by the edges of the successive plains, 
which, extending from south to north, had formed so many lines of 
sea-coast, as they rose higher and higher between the Atlantic and 
the Andes. It appears, from the shingle and fossil shells found on 
both sides of the Cordijlera, that the whole south-western extremity 
of the continent has been rising slowly for a long time, and indeed 
the whole Andean chain. The *rise on some parts of tile coast of 
Chile has been at the rate of several feet in a century ; but it has 
diminished eastward, till, in the Patagonian plains and Pampas, it 
has been only a few inches in the same time. * • 

The instability of the southern part of the* American continent is 
less astonishing, when it is. considered that at the time of the great 
earthquake of 1835 the volcanoes in the Chilian Andes were in 
eruption contemporaneously for 720 raifhs in one direction, and 400 
in another, so that in all probability there was a sifbtetranean lake 
of molten lava twice as large as the Black Sea below this extremity 
of the continent. 1 

1 Darwin’s Journal of Travels in South America. 


1 Ibid. 
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The terraced plains of Patagonia, which extend for Hundreds of miles 
along the coast, are of tertiary strata, not in basins, but in one great 
deposit, above which lies a thick stratum of a white pumaceous sub- 
stance, extending at least 500 miles, a tenth part of which consists 
of marine infusoria. Over the whole lies the shingle already men- 
tioned, spread along the coast for 700 miles in length, with a mean 
breadth of 200 miles, and 50 feet thick. These myriads of pebbles, 
chiefly of porphyry, have been torn from the rocks of the Andes, 
and water-worn, at a period subsequent to the dejjosition of the ter- 
tiary strata. All the plains of Tierra del Fuego and Patagonia, on 
both sides of the Andes, are strewed with huge boulders, which pro- 
bably have been transported by icebergs which had descended to lower 
latitudes in ancient times than they do now — observations of great 
interest which we owe to Mr. Darwin*. 

The stunted vegetation of these sterile plains was sufficient to 
nourish several large species of animals, now extinct, even at a period 
when the species now living in the Patagonian seas existed. ^ 

The Pampas of Buenos Ayres are partly alluvial, cpvered by the 
deposit of the la Plata River. Granite prevails, to the extent of 2000 
miles along the coast of Brazil, and, with syenite, forms the base of the 
table-land. The superstructuie of tno latter consists of metamorphic 
and old Plutonip rocks, sandstones, clay-slates, limestones ; in the 
lattef £re situated large caverns, containing bones of several species 
of extinct animals. Gold 4s found in the alluvial soil on the banks 
of the rivers, and in the slate rocks of the palaeozoic period, from the 
destruction of which this alluvium has been derived, and diamonds, 
so abundant in that country, in a ferruginous conglomerate of a very 
recent geological period. 

The soil of the Silvan has travelled from afar : washed down 
from the more elevated regions, f it has been gradually deposited 
and manured by the decay of a thousand forests. Granite again 
appears, in more than its usual ruggedness* in the table-land and 
Parima mountains. The sandstone of the Andes reappears there 
also; and' in the plains of Esmefalda it caps the granite of the 
solitary prism-shaped Duida, the culminating mountain of the Pa- 
rima system. Limestone appears in the Brigantine or Cocollar, the 
most southern of the three ranges of the coast-chain of Venezuela ; 
the other two consist cf granite, metamorphic rocks, and crystalline 
schists, tom by earthquakes and worn by the sea, which has deeply 
indented that coast. The chain of islands in the Spanish Main is 
merely the wreck of a more northern ridge, broken up into detached 
masses by tbes# irresistible powers of nature. / 
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CHAPTER X. 

Central America — West Indian Islands — Geological Notice. • 

Taking the natural divisions of the continent alone into considera- 
tion, Central America may be regarded as lying between the Isthmus 
of Panama and Darien and that of Tehuantepec, and consequently 
' within the tropical zone. This narrow tortuous strip of land, which 
unites the continents of North and South America, stretches "from 
S.E. to N. W. about 1200 miles, varying in breadth from 20 to 300 
or 400. * " ^ 

As a regular chain, the Andes descend suddenly at the Isthmus 
of Panama, but as a mass of high land they continue through ^Cen- 
tral America and Mexico, in an irregular mass of table-lands and 
mountain ranges. The high land which forms the central ridge, 
and the watershed between the two, oceans* is ver^ steep on its 
western side, and runs near the coast of the Pacific, where Central . 
America is narrow;* but to tire north, where it becomes voider, it 
recedes to a greater distance from the shore than the Arfdes do in 
any other part between Cape Horn and Mexico: From the survey 
for the railway .across the Isthmus of Panama, the highest point 
traversed by the road is Baldwin’s Summit, 299 feet above the sea — 
which it crosses by a tunnel 254 feet above the same level. 

This country consists of three distinct groftips, divided by valleys 
which run from sea to sea, namely, Costarica, the group of Hon- 
duras and Nicaragua, and the gnfup of Guatemala. 1 

Farther north the plains of Panama, very little raised above 
the sea, and in some parts studded with hills, follow the direction 
of the isthmus for 280 miles, and end at the Bay of Pamda. From 
thence the forest-covered Cordillera of Yeragua, supposed to be 9000 
ieet high, but united with the Cordillera of Salamanta, on £he 
western side of which is the gold-mine of Tisingal, celebrated by the 
early historians of the Conquest ; the latter (Jordillera extends to the 
elevated table-land of Costarica, Burrounded by volcanoes, and ter- 
minates at the plain of Nicaragua, which, together with its lake, 
occupies an area of 30,000 square miles, and forms the second break 
in the great Andean chain. The lake is only 125J feet above the 
Pacific, from which it is separated by a line of active volcanoes. 

1 Johnston’s Physical Atlas. 
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j The river of San Juan flows from its south-eastern end into the Ca- 
ribbean Sea, and at its northern extremity it is connected with the 
smaller lake of Managua or Leon by the river Panaloya or Tipitapa. 
By this vrater-line it has been projected to unite the two seas, the 
distance between them l^eing only 20 miles. The high land recom- 
mences? after an interval of 170 miles, with the Mosquito country 
and Honduras, which mostly consist of table-lands and high -moun- 
tains, some of which are active volcanoes. 

Guatemala is a table-land intersected by deep valleys, which lies 
ebetween the plain of Comayagua and the Isthmus of Tehuantepec. 
It spreads to the east in the peninsula of Yucatan, which terminates 
at Cape Catoche, and encompasses the Bay of Honduras with ter- 
races of high mountains. The table-land of Guatemala consists of 
undylatiiig verdant plains of great extent, of the absolute height of 
5000 feet, fragrant with flowers. In the southern part ^he cities of 
Old and New Guatemala are situate, 12 miles apart. The portion 
of the plain on which the new city stands is bounded on one side 
by the three volcanoes of Pacaya, del Fuego, and de Agua ; which, 
rising from 7000 to 10,000 feet above the plain, lie close to the new 
city on the west, and form a scene of great boldness and beauty. 
The Volcano de Agus** at the foot of which Old Guatemala stands, 
is a perfect cone, vnrdant to its summit, occasionally pouring forth 
torrents of boiling water and stones it is the highest peak in Central 
America, arising to 17,000 feet. The old city has been twice de- , 
stroyed by it, and. is now nearly deserted on account of earth- 
quakes. The Volcano de Fuego generally emits vapours from one of 
its peaks ; and the Volcano de Pacaya is only ocbasionally active. 
The wide grassy plains are cut by deep valleys to the north, where 
the high land of Guatemala ends in parallel ridges of mountain^, 
called the Cerro Pelado, which run from east to west along the 94tfln 
western meridian, Ailing half the Ipthmus of Tehuantepec^nd unites 
the tableland of Guatemala with that of Mexico. 

Though there are large savannahs on the high plains of Guatemala, 
there are plso magnificent primeval forests, as the name of the 
country implies, Guatemala signifying, in the native language, a 
place covered with trees. The banks of the River Papian, or Usu- 
xndsinta, a tributary of which ri§es in the Alpine lake of Peten, and 
flows over the table-land to the Gulf of Mexico, are beautiful beyond 
description. ' 

The flat region bordering the coast of Central America is generally 
narrow, and in some places, the mountains and high lands come 
dose to the water’s edge. The sugar-cane is indigenous, and on 
the low lands on the eastern coast all the ordinary productions of 
the West Indian; islands are raised, besides several that are peculiar 
to the country. 
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As the" climate is cool on the high lands, the vegetation of the 
temperate zone is there very luxuriant. On the low lands, as in 
other countries where heat and moisture are in excess, and where 
nature is for the most part undisturbed, vegetation is vigorous to 
rankness : forests of gigantic trees seek the pure air above an im- 
penetrable undergrowth, the rivers empty themselves into the sea 
amidst dense masses of jungle with mangroves and reeds 100 feet 
high, whilst delightful savannahs vary the scene, and wooded moun- 
tains dip into the water. 

Nearly the whole coast of the Pacific is skirted by an alluviJl 
plain, of inconsiderable width, and generally very different in cha- 
racter from that on the Atlantic side. In a line along the western 
side of the table-land there is a continued succession of volcanic 
mountains,' at various distances from the shore, and at various 
heights, on the declivity towards the Pacific. Ijt seems as if a great 
crack dr fissure had been produced in the earth's surface, along the 
junction of the mountains and the shore, through which the internal 
fires had found a vent. There are more than twenty active volcanoes 
between the 10th and 20th parallels of north latitudp; some higher » 
than the mountains of the central bridge, and several subject to vio- 
lent eruptions. Altogether thei^ are Jhirty-eight in Ce'ntral America, 
seventeen of which are in Guatemala — a greater number than in any 
other country, Java*excepted. • 

In this age of gigantic enterprise, when the very bottoft of the 
Atlantic is soon likely to become the means of communication 
between two continents, it is truly astonishing that there should 
be any hesitation about joining two oceans by a short canal of only 
40 miles; as if modern engineers could not overcome every diffi- 
culty, aided by the wealth of two of tha richest nations in the 
world, and possessing all the enterpriser of the Anglo-Saxon race. 
Instead of the long and stormy voyages round the Cape of Good 
Hope and Cape Horn, a ship-canal joining the Atlantic to the 
Pacific would open a direct line of communication for all the mari- 
time powers of Europe and ^he United States, not to, the western 
coasts of the American continent alone, but to China, Australia, and 
even India, by which the hurricane region of Don Rodrigues would 
be avoided, and the passages made through a comparatively safe 
and calm sea. 

Six different lines across Central America have been proposed as 
suited for the purpose, but that by the Isthmus of Darien seems 
to possess advantages over the others*, confirming the opinion given 
more than fifty years ago, and still maintained by the greatest of 
living travellers and geographers, Humboldt. It possesses the prin- 
cipal requisites for such an undertaking — a short distance of only 40 
miles between the two oceans, oven allowing one-third for the pos- 
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sible windings of a canal — a watershed between the rivers Savanas 
and Caledonia of inconsiderable height above the level of the oceans 
—the excellent harbours of Darien and Caledonia at its extre- 
mities— and the Gulf of San Miguel, where there are high tides, 
and where docks 'of any magnitude could be formed, and which are 
much needed, therja being none on the Pacific except at Sydney in 
Hew South Wales. 

This line passes through the very country of romance. It was 
from Caledonia harbour that HufiSs do Balboa crossed to the South 
$ca, and that the earliest expedition was sent by the Spaniards 
to Peru. Here were the gold mines of Tisingal, which gave the 
name of Costa Rica to the shores of the Pacific, the true El Dorado, 
to which Sir Walter Raleigh and Sir Francis Drake were sent. 
The barbonr still bears the name of the unfortunate colony from 
Scotland ; and the •.country in which it is situated, known as the 
“ Spanish Main,” was celebrated for the lawless but romantic adven- 
tures of the Buccaneers. The coast of the Pacific here is rich to 
exuberance ; two crops mtfy be raised in the year ; forests of the 
cocoa-nut palm extend for miles ; it produces the cacao-bean, va- 
nilla, India-rubber, Palo de Va<?a, the Tonquin-bean, Chiraqui in- 
cense, numerous dye-wjods, balsams, medicinal plants, and all the 
usual productions of a tropical climate. But the vegetation is so 
‘rank, the high tfees so interlaced wth creepers, that the light is 
shut out, the heat is so intense, and rain so frequent, that the 
climat#is exceedingly unhealthy, that although it would he of no 
consequence to a steamer passing rapidly through 40 miles, yet it 
would he a seiious difficulty during the construction, wljph might, 
however, be overcome by employing the free labour negroes, 
who are accustomed to hot and damp climates. In the mean time 
the Panama railway conveys goods and passengers to and from the 
golden land of California. 1 c 

The Colombian Archipelago, or West Indian Islands, which may 
be regarded as the wreck of a submerged part of the continent of 
South and k Central America, consists of three distinct groups, 
namely, the Lesser Antilles or Caribbean Islands, the Greater An- 
tilles, and '•the Bahama or Luray Islands. Soiqe of the Lesser 
Antilles are fiat, but their general character is bold, with an insu- 
lated peak or a group of mountains in the centre, which slopes to 
the sea all around, more precipitously on the eastern side, which is 
exposed to the force of the Atlantic current. Trinidad is the most 
southerly of a chain of magni^cent islands, which, forming a semi- 
circle, enclose the Caribbean Sea, with its convexity facing the east. 
The range is single as far as Guad&loupe, where it splits into two, 

1 Admiral FitzRoy on the Great Isthmus of Central America, in Geo- 
graphical Journal, vol. xz. , 
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known as the Windward and Leeward Islands. Trinidad, Tobago, 
St. Lncia, and Dominica are particularly mountainous, and their 
mountains cut into deep narrow ravines, or gulleys, covered by 
primeval forests. The volcanic islands, which are mostly in the 
undivided part of the chain, have conical peaks bristled with 
rocks of a still more rugged form ; but almost all the islands of 
the Lesser Antilles have a large portion of excellent vegetable soil in 
a high state of cultivation. * Most of them are surrounded by coral 
reefs, which render navigation dangerous, and there is little inter- 
course between these islands, and still less with the Greater An- 
tilles, on account of the prevailing winds and currents, which make 
the return voyage, except by steam, difficult. The Lesser Antilles 
terminate in the group of the Virgin Islands, which are small and 
flat, some only a few feet above the sea, and most of them consisting 
of mere rocks of coral. , 

# Tfcc four islands which form the group o&the Greater Antilles are 
the largest and most important in the Archipelago, fcorto Rico, 
Haiti or San Domingo, and J amaica, separated from the Virgin Island^ 
by a narrow channel, lie in a line parallel, to the coast-chain of Vene- 
zuela, from east to west ; while Cuba, by a serpentine bend, sepa- 
rates the Caribbean Sea, or Sqji of £he Antilles, from the Gulf of 
Mexico. Ijprto Rico is 90 miles long and 36 broafl, with wooded, 
mountains passing -through i{p centre nearly frflm east forest, 
which furnish abundance of water. There are extensive? saVannaks 
in the interior, and very rich soil on the northern coast, but the 
climate near the sea is unhealthy. 

Haiti or San* Domingo, 340 miles long and 132 broad, has a 
chain of mountains in its centre, extending from east to west Uke 
all the mountains in the Greater Antilles^ the highest point of 
which is 9000 feet above the sea. •• A 'branch diverges from the 
main stem to Cape Tiburon, so that Haiti contains a great propor- 
tion of high land. The mountains are susceptible of cultivation 
nearly to the summit, and are clothed with undisturbed tropical 
forests. The extensive plains Q$e well watered, and the soil, though 
not deep, is productive. 

Jamaica, the most valuable of the British possessions in the 
West Indies, has an area of 425G square miles, of which 110,000 
acres % are cultivated, chiefly as sugar-plantations. The principal 
chain of the Blue Mountains lies in the centre of the island, from 
east to west, with so sharp a crest that in some places it is only four 
yards across. The offsets from it co^er all the eastern part of the 
island. The more elevated ridges are flanked by lower ranges, de* 
scending to verdant savannahs. The escarpments are wild, the 

declivities steep, and mingled jvith stately forests. The valleys are 

G 
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very narrow, and not more than a twentieth part of the island is 
level ground. There are many small rivers, and the coast-line is 
500 mileslong, with at least 30 good harbours. The mean sumrtier- 
heat is 80° of Fahrenheit, and that of winter is 7J5°. The plains are 
often unhealthy, but the air in the mountains- is salubrious ; fever 
has never prevailed at the elevation of 2500 feet. 

Cuba, the largest island in the Colombian Archipelago, has an 
area of 3615 square leagues, and 200 miles of coast, but so beset 
with coral reefs, sandbanks, and rocks, that only a third of it is 
Accessible. Its mountains, which attain the height of 8000 feet, 
occupy the centre, and fill the eastern part of the island, in a great 
longitudinal line. No island in these seas is more important with 
regard to situation and natural productions ; and although much of 
the low ground is swampy and unhealthy, there are vast savannahs, 
and about a seventh* part of the island is cultivated. 

♦ The 1 Bahama Islaifas «aTe the least valuable and least intcr^tiflg 
part of the 'Archipelago. The group consists of about 500 islands, 
tqany of them mere rocks, lying east of Cuba sftid the coast of 
Florida. Twelve are larger, and cultivated ; producing log-wood 
and mahogany. Tlie most intricate labyrinth of shoals and reefs, 
chiefly of corals, madrepores, and sard, encircle these islands ; some 
c of them rise to the surface, and are adorned with grqycs of palm- 
trees* -The Great Bahama is supposed to be the first part of the 
New World on which Columbus landed — the next was 'Haiti, where 
his ashes rest. • 

The geology of Central America is little known ; nevertheless it 
appears, from the confused mixture of table-lands and mountain- 
clfedns in all directions, that the subterraneous forces must have 
acted more partially ai^i irregularly than either in South or North 
America. Granite, gneiss; and mica-slate form the substrata of the 
country ; but the abundance of igneous rocks points to the strong 
volcanic action, both in ancient and modem times, which still main- 
tains its activity in the volcanic groups of Guatemala and Mexico. 

From the identity of the fossil remains 0 f extinct quadrupeds, 
there is every reason to believe that the West Indian Archipelago 
was once part of South America, and that the rugged and tortuous 
isthmus of Glentral America, and the serpentine chain of islands 
winding from Cumana to the peninsula of Florida, are bpt the 
shattered remains of an unbroken continent. The powerful vol- 
canic action in Central America and Mexico, the volcanic nature of 
many of the West Indian Islands, and the still-existing fire in St. 
Vincent’s, together with the tremendous earthquakes to which the 
whole region is subject, render it more than probable that the Ca- 
ribbean Sea and the Gulf of Mexico are one great area of subsidence, 
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which possibly has been increased by the erosion of the Gulf-stream 
and ground-swell — a temporary current, of* great impetuosity, com-* 
mon among the West-Indian Islands from October to May. 

The .subsidence of this extensive area must have been very great, 
since the water is of considerable depth between the islands. It 
must have taken place after the destruction of the great quadra- ' 
peds, and consequently at a very recent geological period. The 
elevation of the table-land of Mexico may have been a contempo- 
raneous event. In the Colombian Archipelago, volcanic action is 
confined to the smaller islands, which, forming a line in a meit- 
dional direction, extend from 12° to 18° N., and may be designated 
as the Caribbean range : it begins with Grenada and ends with St. 
Eustatius. St. Vincent, St. Lucia, Martinique, a great portion of 
Guadeloupe, Montserrat, Nevis, and St. Kitts are volcanjc ; most of 
them possess craters recently extinct, which have vomited ashes and 
lava within historical periods ; whilst the lgs& -elevated of the Lee- 
ward and Windward Islands, Tobago, Barbadoes, Deseada, Antigua, 
Barbuda, and St. Bartholomew’s, with the Virgin Islands and # Ba- 
hamas, are composed either of calcareous or coral rocks. 
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CHAPTER XI. 

North America — Table-Land and Mountains of Mexico — The Rocky 
Mountains — The Maritime Chain and Mountains of Russian America. 

« 

The continent of North America, excluding Greenland, has aif area 
of nearly eight millions of square miles. It comprises a large 
central plain, a narrow elevated plateau, three great mountain 
systems, and two long oceanic slopes. The great plain extends 
from ihe Gulf of Mexico to the Arctic Ocean. It is bounded on the 
east by the Appalachian or Alleghany Mountains, from Alabama 
and Georgia to the Gulf* of St. Lawrence and Labrador ; and on the 
west by the Andes or Cordillera of North America, which occu- 
pies 1 ' the whole western side of the continent, from the southern < 
extremity of the table-land of Mexico to Behring Strait. “ This 
broad and elevated belt of table-lands and parallel chains is one of 
the largest morntain-sy stems On th£* globe, much exceeding in its 
isolidvbulk above Jhe level of the sea even the mighty chain of the 
South American *Andes, being twice as broad and nearly as long.” 1 

It consists of the table-land of Anahuac or Mexico, which, though 
not the highest, is by far the most extensive plateau on the face of 
the earth, extending for 1600 miles from its southern extremity at 
the isthmus of Tehuantepec to the beginning Ifr the Rocky Moun- 
tains, a distance equal to that from the north of Scotland to 
Gibraltar. From thenoe it is continued in a series of lofty table- 
lands to the most northern extremity of the continent with an abso- 
lute altitude varying from 4000 to oOOO feet, bounded on the east 
by the Ghippewayan or Rocky Mountains, and on the west by a 
still greater system, that of the Cordilleras of California and of the 
Pacific. At its southern extremity, '‘Vhere i£is narrow, mountains 
(rise from the isthmus and abut upon it ; on the east the plateau 
descends so abruptly from a height of 300p feet that, seen from the 
shores of the Mexican Gulf, it looks like a chain of mountains, 
while on the west it descends gently to the coast of the Pacific by a 
series of four longitudinal valle^h. On the surface of the plateau 
groups and ridges of mountains rise ; but when not traversed by 
these elevations, the table-1 aj5d is as level as the ocean, so that a 
carriage-road of 1600 miles from the city of Mexico to Santa Fltois 
either over a dead level or gentle undulations. 

1 Prof. p. Rogers. 
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The capital of Mexico, once the royal r^idence of Montezuma, 
must have greatly surpassed the modem city in extent and mag- 
nificence, as many of its remains show. It is 7482 feet above the 
level of the ocean, and surrounded by four plains, of which Te- 
nochtitlan is the most remarkable, being of elliptical form 55 miles 
long and 35 wide, inclosed by ridges of basalt and porphyritic rocks 
running from S.S.E. to N.N.W. On the south-eastern side, which 
is the highest, stands the snow-shrouded cone of Orizaba with its* 
ever-fiery * crater, seen like a star in the darkness of the night, 
which has obtained for it the name of Citlaltepetl — “ the Mountain 
of the Star.” Popocatepetl, the loftiest mountain in Mexico, 17,720 
feet above the ocean, lies farther west, rfnd is in a constant state of 
eruption, which, with the volcanoes of Iztacihuatl and Toluca, having 
an absolute altitude of 15,705 and 13,416 feet respectively, form a 
magnificent volcanic circuit, in the midst of jvhich Mexico and its 
lak&are situated. The volcanic cone of Tuxtta rises in a group of 
wooded hills near the shores of the Gulf of Mexico, 'and on the 
plains* of the Malpays, on the western slope of the table-land §bout 
100 miles from the Pacific, is the volcanic cone of Jorullo, which 
rose suddenly in the night of the 29th of September, 17^6, to the 
hdight of 1700 feet above the Jevel pf the jdain amidst hundreds of 
little flaming cones which covered the country froth three to four 
square miles. The great volcano of Colima stands insulated^m thd 
plain of that name, also between the western declivity of the table- 
land and the Pacific'. 

Deep cavitieg called Barancas are a characteristic feature of the 
table-land of Mexico : they are large rents two or three miles broad 
and many more in length, often 1000 feet deep, with a brook flowing 
through them. Their sides are precipitous .and rugged, with over- 
hanging rocks covered with trees. Vegetation* varies with the ele- 
vation, consequently the exubeiance which adorns the coasts of the 
gulf vanishes on the high plain which, although producing much 
grain and pasture, is often saline, sterile*, and treeless, except in 
some places where oak-trees gjrow to an enormous size. # 

The Mexican table-land maintains a very great absolute altitude to 
the north, where the plateau of Sonora forms its continuation, and 
overhangs the Gulf of California from the 25th to the 32nd parallel 
of north latitude. Hitherto the table-land has represented the con- 
tinuation of the great chain of the Andes ;* but north from the city 
of Mexico, and near the celebrated silver-mines of Zimipan, the 
system of the Chippewayan or Rocky Mountains begins, which is 
very complicated, consisting of mountain-crests and table-lands, the 
chains being often parallel for long intervals, “ their crests wildly 
undulating and in some places serrated like the European Alps.” 
Near Guan^cuato the breadth is about 100 miles ; the western 
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chain is the Sierra Madte, which contains the richest silver-mines in 
the yorld; it goes through Zacatecas and west of Chihuahua, then 
it rhns due north under the names of Sierra de Acha and Sierra 
Yerde. “ The eastern chain is that of Cohahuela and Potosi, which 
lifts itself out of the western edge of the steppes of the great central 
pl$in like a huge colossal wall deeply indented and gashed in its 
steep flank, with vast mountain-buttresses jutting forward into the 
^plateau of the American desert*’ — in fact it is the eastern mountainous 
face of the table-land of New Mexico. More to the north the fertile 
pfain of Santa Fd and Bio del Norte, 50 miles broad at its northern 
extremity, is Sounded by this chain under the names of thtfMoro and 
the Wet Mountain, while tSe Sierra Verde forms its western border. 
There is a break in the mountain-chains at the northern end of the 
Sierra Yerde for 8 miles, so that the plain of the table-land, itself 9000 
’feet above the level ofctjie sea, becomes the watershed of the Colorado 
of California on one hand? and of the rivers which run into the Gulf 
of Mexico on the other. “ It is one of the noble passes through these 
mountains which longitudinally include many sections that*afford 
the greatest facility for carrying railways across this broad system, 
and uniting the countries on the Atlantic with those on tho Pacific* 
without having to pass dver any verycelevated ground.” & ' 

# North of this bi^ak the Rocky Mountains separate into t h r afc 
chain**; tfnd become very complicated.* Between 0 the river. ArkaiMl? 
and the north fork of the Platte there are peaks which rise to 10,000 
and 12,000 feet, “ but the Wind River Mountains are the highest of 
that chain, where Fremont's peak has an elevation of 13,568 feet. 
This great range is the axis or central watershed of the whole con- 
tinent ; the head-streams of the Missouri flow from its eastern flank, 
and those of the Colombia and Rio Colorado, which go to the Pacific, 
from its western.” More to the north in the eastern or principal 
chain, and near the sources of the Saskatchewan, are Mount Ilooker 
and Mount Brown, which,rise to 15,700 and 15,990 feet respectively. 
The mountains now decrease in height ; north of the 58th parallel 
they are only 4000 feet above the sea,°and about 3000 in 62° N. lat. 

Tho table-land of Anahuac is continued to the north by the 
plateau of Sbnora, in which are many fertile valleys. “ To it succeeds 
the Great WeStem Desert Plateau, a wide elevated desert belt 
stretching from the Gulf «of California to the Arctic Ocean, having a 
mean elevation of 5000 feet above the level of the sea, and spreading 
over 13° of lqpgitude between the parallels of 35° and 45°. It in- 
sists of three great regions. ’Jliat which follows the plateau of 
Sonora is the basin of the Colorado and the Gulf pi California, a 
region of mountain-ridges and table-lands which slope gently to the 
west and to the Gulf. There are semi-desert districts in the inte- 
rior, but there are large rivers, and parts that are tolAably fertile. 
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The second great natural division is the pentral zone or Great Salt 
Desert ef Utah. It is an inclosed continental river-basin, consisting 
of vast elevated desert steppes from 4000 to 5000 fe^fc above the sea, 
many of these arid plains being covered %ith incrustation^ of salt, 
and divided by mountain-ridges trending north and south.*’ It is a 
dry, rainless region, because the prevailing winds come from - the 
Atlantic on one side, and the Pacific on the other ; the former is 
deprived of its moisture while blowing over the continent and Bocky 
Mountains, while the vapour brought from the Pacific by the west 
winds is precipitated on the tops of the lofty coast-chains, so tlmt 
’both arrive at the desert as dry winds, which is consequently doomed 
to perpetual barrenness, at least till some great geological Change 
takes place. The desert has therefore few streams, the Humboldt is 
the greatest yet known ; but it has innumerable lakes which, paving 
no outlet, are naturally salt, because whatever streams fall into them 
continually bring salt.from the soil around had as in that latitude 
jthe evaporation is veVy great, the water goes off and the'aalt remains, 
has increased so much in some of the lakes, as for example the 
Great Salt Lake* that it iB charged with conynon salt almost to satu- 
ration. That lake, the Utah and Nicollet lakes, are %est known ; 
but there is a long line of tlierg probably less salt at the eastom foot 
of the Sierra Nevada. 

In the third natural division the Desert platdhu becomesunucll 
contracted in width towards the 50th parallel of north latitude, and 
extends along the western side of the Rocky Mountains northward 
through half the continent, sloping gently to the west and to the 
Arctic Ocean. It contains the basins of*Frazer’s and Simpson’s 
rivers, and the affluents of the Oregon or Colombia. “ All these rivers 
flow to the Pacific through the lofty Pacific Alps. Stilj farther to 
the north-west, beyond the sources of the "fcPKenzie river, the long 
belt is longitudinally drained by the Yukon, which reaches the sea 
in Norton Sound of Behring Strait.” “ The whole of this long belt 
of country has an undulating surface of fertile valleys and table- 
lands, but in the basin of the Oregon high rugged vplcanic plains 
are found. It has a mild climate, many lakes, and feeds some of 
the greatest rivers, but is little known except to theJndians and 
fur-trappers of the Hudson Bay Company.” 

The mountain-system of the Pacific, which bounds the great 
desert-zone on the west, maintains a general parallelism to the 
eastern y proper chain of the Bocky Mountains, and ranges from 
the peninsula of California, through the whole distance to Bussian 
America. It is a wide, complex, and very elevated chain of 
mountains, its main central crests and loftiest peaks surpassing 
those of the Rocky Mountains in altitude. In lower or peninsular 
California, where it bears the name of Sierra de Lucia, it is a single 
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ridge ; but in lat. 35° it divides into two branches trending north- 
wards, namely the Coast-mountains of California and Oregtm, and 
the Sien^Nev^a ; between these lies the gold-producing valley of 
California. The Coast-netftmtains run close to the Pacific, west of 
the valleys of Sacramento and Wahlahmath, and extend in a broken 
chain to Vancouver's Island, while the Sierra Nevada, the great 
watershed which insulates the inclosed and elevated plateau of Utah 
from the golden basin of California, loses its height as it goes north, 
and, passing the 42nd parallel, it curves round easterly towards the 
Siake river with a small elevation. Between the Sierra Nevada and 
the Pacific Ocean the Caspade chain begins, the loftiest part of the 
whole* range. It takes its name from the number of rapids and 
waterfalls that traverse it where it crosses the Frazer and Oregon 
rivers.. Passing these, it goes north-west to’ Russian America, where 
it curves round and extends west till it ends in the volcanic peninsula 
of Aliaska. It contains three peaks which are»16,500 feet above the 
sea, and eveif more ; that of St. Helen’s and Mount Regnier are active 
though rather tdrpid volcanoes, while Mount Fairweather, 14,782 feet, 
and Mount Elias, 17,85(^ the highest point of the chain, are both 
supposed to lib occasionally in eruption. 

The Pacifio slope is a long but comparatively slender belt between 
the Great Pacific chain and the ocean. In the peninsula of Cali- 
fornia' itcis a sleifder tract sloping rather steeply to the sea; but 
north of tfoe*34th parallel its average breadth is 100 miles, and in- 
cludes the whole continental slope from the Sierra Nevada to the 
ocean. It consequently pomprises the golden valley of California 
and the Coast-mountain!, of which there are three ridges as far as 
42° N. lat. North to the 60th degree the average width is the same, 
but increases in breadth from Vancouvei's Island northwards, and 
separates again into three mountain-belts, of which the Wahlah- 
math is the most easterly. The slope is much penetrated by great 
spurs from the Cascade range and the Pacific Alps on the east, 
and on the west by estuaries and straits.” In fact the archipelagos 
and islands along the coast have the same bold character as the 
mainland, and may be regarded as the tops of a submarine ohain of/ 
table-lands and mountains which constitute the most wenterly ridge 
of the maritime chains. The mountains on the coast of the Pacific 
and the islands are in many places covered with colossal forests, 
and many of our beautiful shrubs and plants have been brought 
from thence, but wide tracts in the south are sandy deserts. f 
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CHAPTER XII. 

North America, continued, — The Great Ceitiral Plains, or Valley of the lys- 
sissippi — The Alleghany Mountains — Tne Atlantic Slope — The Atlantic 
Plain — Geological Notice — The Mean Height of the Continents. , 

The great central plain of North America, lying between tjie 
Rocky and Alleghany Mountains, and reaching from the Gulf of 
Mexico to the Arctic Ocean, has an area of .3,245,000 square miles, 
whioh is 245,000 square miles more than the central plain of South 
America, and about half the size of the great plain of the old con- 
tinent, which is less fertile ; for although the whole of Amerjca is 
not more than half the size of the old continent, it contains at 
least as much productive soil. The plain, 5000 miles long, be- 
comes wider towards the nor$h, aqd has a low table-land which 
crosses it from Labrador, and along the sources of the Missouri to 
the northern verge ©f the Utal\ Desert. “ Stretching at right tangles 
to this, the broad Rocky Mountain zone, which forms the water- 
shed of the continent, may be regarded as the crest of a vast undu- 
lation of the surfepe descending from an elevation of from 4000 to 
6000 feet to the level of the sea, with only two intervening swells, 
those on which the Cordilleras of the Pacific and Alleghanies stand.” 

Along the whole eastern side of the Rocky Modhtains, a high 
plateau extends from the base of the Cohahuela chain to the far 
north, including the table-lands siorth of the Great Slave Lake, and 
east of the M ( Kenzie River. At its southern extremity it is from 
4000 to 5000 feet above the level of the sea ; but rises to 6000 
between the parallels of 38 %nd 48, and maintains a considerable 
elevation beypnd. “ From this height the land descends in slopes, 
but chiefly in bold terraces, to the lower level of the great plain, a 
structure peculiarly marked between the river Pecos and the Black 
Hills of Missouri, where the plateau descends in two very bold ter- # 
races ; the upper one, which is from 200 to <100 miles broad, has an * 
absolute altitude of 5000 feet at the base of the mountains, and at 
its eastern edge it is 1000 feet above the second steppe. It is a thirsty 
desert, without tree or shrub, except along the margins of the scanty 
streams, and at certain seasons is nearly without vegetation. North 
of the Missouri it is more grassy, and in*the British territories it 
haB many streams and lakes. The Rio Grande and the M'Kenzie 
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flow along this plateau, the 4 one towards the south, and the other 
t^kards the north, while the tributaries of the Missouri and Missis- 
sippi, and those of the Saskatchewan and Churchill flow across it. 
The lower terrace is altogether similar to the upper TO the south ; 
but towards its middle and northern end it has ijpre vegetation, 
and on the streams thicker belts of trees. All the rivers from tAe 
Arcansas to the Pecos, inclusive, descending from the upper steppe 
or terrace, pass out from between confining precipices often several 
hundred feet high, through narrow sluices of enormous depth. 
Along the eastern border of this lower treeless steppe, there extends 
for more than 400 miles a remarkable belt of woodland from 5 to 
25 miles wide, called the ‘ Cross Timbers.’ It separates the fertile 
a&l well-watered plains of Texas, abounding in verdant prairies and 
clumps of tfees, from the barren naked steppes, which are known as 
the Great Western American Desert.” 

Most of the cultivate on the right side of the Mississippi is 
along the Gulf of Mexico and in the adjacent provinces, and is 
entirely tropical, consisting of sugar-cane, cotton, and indigo. At 
the mouth of the Mississippi, *there are marshes which cover 35,000 
square miles bearing *a rank vegetation, and its delta is a labyrinth* 
of streams and Jakes, with dens 3 brushwood, the very home of thS 
•crocodile. Salt rqcks and grounds occur occasionally in the prairies, 
as the° Gfrand Saline between the rivers Arkansas and Neseikelongo, 
which is often covered two or three inches deep with salt, Jjke a fall 
of snow ; the wild cattle comerih multitudes to these placed to lick 
the salt, of which they are very fond. Prairies, so characteristic of 
the North American continent, lie on both sides of th^LdWer Mis- 
sissippi ; but jhey chiefly prevail to the west of it. Mliese savan- 
nahs are sometimes rolling, but oftener level and inteqninable as 
the ocean, covered with long rank grass of tender green, blended 
with flowers chiefly of^he liliaceous kind, which fill the air with 
their fragrance. In the southern districts, as Lower Texas, they are 
interspersed with groups of magnolias, tulip, and cotton trees 5 ‘and 
in the north-west, with oak and black walnut. These are rare occur- 
rences, for the prairies may be traversed for many days without 
meeting with a shrub, except on the banks of the streams, which 
are beautifully fringed with myrtles, azalias, kalmias, andromedas, 
g and rhododendrons. 0 ,u the wide plains, the only objects to be 
seen are countless herds of Wild horses, bisons, and deer. The 
country assumes a more severe aspect in higher latitudes. It is 
still capable of producing rye and barley in the territories of the 
Assinaiboie Indians, end round Lake Winnipeg there are great 
forests 5 a low vegetation with grass follows ; and towards the Arctic 
Ocean the land is barren* and covered with numberless ldkes and 
large streams sunk into narrow valleys which flow into that icy sea. 
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East of the Mississippi there is a magnificently undulating 
country, extending 1000 miles from • south to north between that 
great river and the Alleghany mountains, mostly covered with trees. 
Fine barrens, stretching far into the interior, occupy the whole coast 
of the Gulf of Mexico eastward, from Pearl River through Alabama, 
and a great part of Florida. These vast monotonous tracts of sand 
covered with forests of gigantic pine-trees are as peculiarly a dis- 
tinctive feature of the North American continent as the prairies, 
and are not confined to this part of the United States » they occur 
to a great extent in 'North Carolina, Virginia, and elsewhere. Te- 
nessee and Kentucky, though much gleared, possess large, wood- 
lands ; “ §lmost the whole country between the western slopes of the 
Appalachian Mountains, and the Mississippi, the Wabash and Lake 
Michigan, was originally clothed with forest, and much of. it still 
remains.” The Ohio flows for hundreds of miles among magnificent 
trees with an undergrowth of azalias, ihododendrorjs, and other 
beautiful shrubs, matted together by creeping plants. There the 
American forests appear in all their glory ; the gigantic deciduous 
cypress, and the tall tulip-tree overtopping the forest by half its 
height, a variety of noble oaks, black walnuts, American plane, 
hickory, sugar maple, and t^e lyrgodendrtns, the most splendid of 
the magnolia tribe, the pride of the forest. 

The Illinois waters a country of prairies, five new States occupy a 
territory of 280,000 square mjles round the great lakes; fidiich con- 
tains 180 millions of acres of land of excellent quality. These States 
lie between the lakes and the Ohio, and they reach from the United 
States to the Tipper Mississippi, a country twice as large as France, 
and six times the size of England ; but almost the whole of this noble 
plain of North America is unrivalled in every natural advantage. 

The quantity of water in the north-eastern part of the central 
plain jjeatly preponderates over that of the land ; the five principal 
lakes, Huron, Superior, Michigan, Erie, and Ontario, cover an area 
equal to Great Britain, without reckoning innumerable smaller lakes 
fnd rivers. 

The Canadas contain millions of acres of good land, covered with 
immense forests. Upper Canada is the most fertile, and in many 
respects is one of the most valuable of the British •colonies in the 
West : every kind of European grain, and every plant that requires a 
hot summer and can endure a cold winter, ’thrives there. The forest 
consists bhiefly of black and white spruce, the Weymouth and other 
pines— trees which do not admit of undergrowth : they grow to great 
height, like hare spars, with a tufted crown, casting a deep gloom 
below. The fall of large trees from age is a eommon occurrence, 
and not without danger, as it often causes the destruction of those 
adjacent ; and an ice-storm is awful. 
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After a heavy fall of snow, succeeded by rain and a partial thaw, 
a strong frost coats the trees and all their branches with transparent 
ice often an inch thick ; the noblest trees bend under the load, 
icicles hang from every bough, which come down in showers with 
the least breath of wind. The hemlock-spruce especially, with its 
long drdoping branches, is then like a solid mass. If the wind 
freshens, the smaller trees become like com beaten down by the 
gale, while the larger ones swing heavily in the breeze. The 
forest at last gives way under its load, tree falls after tree with 
sucfden and terrific violence, crushing all before them, till the 
whole is one wild uproar, he^rd from afar like successive discharges 
of artillery. Nothing, however, cai\ be imagined more brilliant and 
beautiful than the effect of sunshine in a calm day on the frozen 
boughs, where every particle of the icy crystals sparkles, and nature 
seems ddbked in diamonds. 1 

Although tjie subsoil fs ^perpetually frozen to the depth* of a few 
feet below the surface beyond the 56th degree of north latitude, yet 
trees grow in some places as far as the 64th parallel. Farther north 
the gloomy and majestic foresjts cease, and are succeeded by a bleakj^ 
barren waste, which becomes progressively more dreary as it ap- 
proaches the shores of tho Arctiq, Oceap. Four-fifths of it are like 
the wilds of Siberia in surface and climate, covered for many months 
in the yea/ with deep snow. During the summer °it i^the Ipsort of 
herds of rdindeer and bisons, which cojne from the soiSh to ^browse 
on the short grass which then springs up along the streanm and lakes. 

The Alleghany or Appalachian chain, which constitutes the 
second or subordinate system of North American mountains, sepa- 
rates the great central plsSn from that which lies along the Atlantic 
Ocean. Its base is a strip of table-land, from 1000 to 3000 feet 
high, lying between the sources of the rivers Alabama and Yazou, 
in the southern states of the Union, and New Brunswick^t the 
mouth* of the river St. Lawrence. This high land is traversed 
throughout 1000 miles, between Alabama and Vermont, by from 
three*to five parallel ridges of low mountains, rarely more than 3000 
or 4000 feet high, and separated by fertile longitudinal valleys,* 
which occupy more than two-thirds of its breadth of 100 miles. In 
Virginia and Peansylvania, the only part of the chain to which the 
name of the Alleghany mountains properly belongs, it is 1 50 miles 
broad, and the whole is edmputed to have an area of 2,000,000 of 
square miles. The parallelism of the ridges, and the uniform level 
of their summits, are the characteristics of this chain, which is lower 
and less wild than the Rocky Mountains. The uniformity of outline 
in the southern and middle parts of the chain is very remarkable, 
and results from their peculiar structure. 8 These mountains have 
1 Mr. TAylor. 8 Lyell’s Travels in North America. . 
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no centrft axis, but consist of a series of convex and .concave 
flexures, forming alternate hills and longitudinal valleys, running 
nearly parallel throughout their length) and cut transversely by the 
rivet's that flow to the Atlantic on the one hand, and to the Missis* 
sippi on the other. The watershed nearly follows the windings of 
the coast from the point of Florida to the north-western extremity 
of the State of Maine. 

The picturesque and peaceful scenery of the Appalachian moun- 
tains is well knowp. ; they are generally clothed with a luxuriant 
vegetation, and their western slope is considered one of the fineat 
countries in the United States. To the south they maintain a dis- 
tance of 200 miles from the Atlantic, but approach to the coast in 
the south-eastern part of the State of New York, from whence their 
general course is northerly to the banks of the St. Lawrence. But the 
Blue Mountains, which form the most easterly ridge, are continued 
in the double range of the Green Mountain to Gaspd Point in the 
Gulf of St. Lawrence. They fill the Canadas, Maine, *New Bruns- 
wick, and Nova Scotia with branches as high as the mean elevation 
of the principal chain, and extend even to the dreary regiohs of 
Baffin Bay. The chief Canadian offsets aTe parallel to the St. 
Lawrence. One runs N.E. fr<jm Quebec ; aqd the Mealy Mountains, 
which are of much greater length,* extend from the Ottawa River 
to Sandwich Bay, and, though low, are always covered wjtfy snow* 
Little is known of the high lands vpthin the Arctic Qirsle, except 
that they have a general direction from S.E. to N.W. 

The country between Hudson Bay, the mouths of the Churchill 
river ar d that olf the Mackenzie, is also an almost unknown region ; on 
the erst it descends steeply to the coast, but the western part, known 
as the Barren Ground, is low and destitute of wood, except on the 
bmks of the streams. The whole is coveted with low precipitous 
nills. Not only the deep forests, but vegetation in general, dimin- 
ishes at the latitude increases, till on the arctic shores the soil be- 
comes incapable of culture, and the majestic forest is superseded by 
the arctic birch, which creeps on the ground. Many of the islands 
along the north-eastern coaslsf though little favoured by nature, 
produce flax and timber ; and Newfoundland, as large f as England 
and Wales, maintains a population of 70,000 souls Jpy its fisheries : 
it is nearer to Britain than any part of America — the distance from 
the port of St. John to the harbohr of Valencia in Ireland is only 1626 
geographical miles along the line of the Atlantic telegraph. 

The long and comparatively narrow plain which lies between the 
Appalachian mountains and the Atlantic extends from the Gulf of 
Mexico^o the eastern coast of Massachusetts. At its southern ex- 
tremity it- joins the plains of the Mississippi, and gradually becomes 
narrower in its northern course to New England, where it merely 
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includes the coast-line and islands. It is divided throughout its 

length by aline of bluffs from 200 to 300 feet high, which commences 
in Alabama afd ends on the coast of Massachusetts. This declivity 
is the eastern edge of the terrace known as the Atlantic Slope, 
which vises above the Maritime Plain, and undulates Westward to 
the foot of the Blue Mountains, the most eastern ridge of the Appa- 
lachian chain. It is narrow at its extremities in Alabama and New 
York, but in Virginia and the Carolinas it is 200 miles wide. The 
surface of the slope is of great uniformity ; ridges of hills and long 
v&leys run along it parallel to the mountains, close to which it is 600 
feet high. It is rich in soil and cultivation, and affords an immense 
water-power in the streams and rivers flowing from the mountains 
across it, which are precipitated over its rocky edge to the plain on 
the ea§t. More than twenty- three rivers of considerable size fall in 
cascades down this ledge between New "Xork and the Mississippi, 
affording scenes of great beauty. 1 

Both land^and water assume a new aspect on the Atlantic f^ain. 
The rivers, after dashing over the rocky barrier, run in tranquil 
streams to the ocean ; and the plain itself is a monotonous level, 
not more than 100 feet above the surface of the sea. Along the 
coast it is scooped into valleys fend ravines* with innumerable creeks. 

The greater part of the magnificent countries east of the Alle- 
ghanieg ig in a high state of cultivation and commercial prosperity, 
with natuial 'advantages not surpassed in any country. Nature, 
however, still maintains her sway in some parts, especiall y 
pine-barrens and swamps prevail. The territory of thel^fca 
States covers an area of 2,963,666 square miles, about hwHalf 
of which is capable of producing everything that is usKul to 
man, but not more thai^a twenty-sixth part of it has been cleared. 
The climate is generally healthy, the soil fertile, abounding in 
mineral treasures, and it possesses every advantage from navi- 
gable, rivers and excellent harbours. The outposts of Angl#-Saxon 
civilization have already reached the Pacific, and the tide of white 
men is continually and irresistibly pressing onwards to the ultimate 
extinction of^be original proprietor# of the soil — a melancholy but 
not a solitary instance of the rapid extinction of a whole race. 

The most staking feature in the geology of North America is the 
enormous development of the Devonian and carbonaceous strata to 
the east, and the still mote extensive development of the cretaceous 
*and tertiary formations to the west. The latter stretches from the 


1 The author is indebted to the article on the * Physical Features of North 
America/ in the hist edition of Keith Johnston’s Physical Atlas, by H. D. 
Rogers, Esq., and to the * Tiavels* of Sir Charles Lyell, for the greater pait 
of her information on the Physical Geography and Geology of that pOition of 
the New World. 
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southern termination of the Appalachian hills in Georgia, and 
Alabama, westward to the table-land Jfexico, north-westward 
♦to the eastern foot of the Sierra Nevada, to California and the 

r ade chain of Oregon, and northward by the broad plain of 
Missouri to an undefined limit in the Desert Steppes that lie 
beyond that river and east of the Rocky Mountains. The portions 
of this enormous area that are tertiary and alluvial are Florida, a 
large tract at the mouth of the Mississippi, and the whole coast of 
{he Gulf of Mexico ; and to the west, the elevated Salt Desert table- 
lands from the Gulf of California, through Utah to their farthest 
extremity. The peninsular c^ain of California and the Siena Ne- 
vada rise out of these strata ; but the Rocky Mountaiqp rise through 
the cretaceous plain. TJie Californian chain, the Sierra Nevada, and 
generally the coast chains are metamorphic, the store-house^ of mi- 
neral riches, mixed with crystalline granite and volcanic rocks of 
all ages. The latter are greatly developed at! the northern termina- 
tion of the Utah desert, and all along the Pacific coast/ The plateau 
of Sonora consists of palaeozoic, with volcanic and trappean rocks, * 
and occasionally crystalline strata. The Rocky Mountains sdbm to * 
have the same structure, with the addition of extensive tracts of car- 
boniferous limestone. 

► The geology of the eastern pan oi me continent is of a very 
different character. Throughout the whole of* the United States 
and the British provinces from the Atlantic coast and # tbe Atlantic 
plain westward to the Missouri river, and from the end of the Ap- 
palachian chain in Alabama and the River Washita in Northern 
Texas to the* territory of Hudson Bay, an area equal to half the 
breadth of the continent in these latitudes, there is scarcely any 
strata of later formation tlian the upper coal measures. The Devo- 
nian and carbonaceous strata prev^L from'the great lakes, to about 
the 36° of north latitude, and # from the Atlantic slope to the 97th 
meridian. They are enormously developed in depth as we^as in 
extent, for the Devonian and carboniferous strata together are a mile 
and a half thick in the State of New York, where there is no coal ; 
but it is three times as mucli in Pennsylvania, and the quantity of 
coal in the United States is sufficient to supply the whole world for 
ages, and in many places lies quite on the surfqpe. The Appa- 
lachian chain consists of the older palaeozoic strata to the west, and 
to the east there is a wide belt of metamorphic rocks combined with 
crystalline, and along the Atlantic coast the formations are tertiary 
and alluvial. 

• Long lines and patches of the lower palaeozoic rocks are found in > 
Vermont, and among the great lakes ; but a very wide and extensive 
development of crystalline rocks occupies Vermont, Nova Scotia, j 
but more especially Newfoundland, and extends along the northern 
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side of the Gulf of St. Lawrence, occupies Lower and Upper Canada, 
the country of Minnesotajpnd from thence stretches to the N.W. 
in a very broad belt to the east of Lake Winnipeg. A* great deal of 
granite protrudes through this formation, especially in Newfound- 
land. All the most northern part of the continent is of Silurian and 
Cambrian strata. 1 *' * 

The geological outline of the United States, the Canadas, and the 
country round the Polar Ocean, though highly interesting in itself 
becomes infinitely more so when viewed in connexion with that of 
Northern and Middle Europe. A remarkable analogy exists in the 
structure of the land on each sides of the North Atlantic basin. 
The extensivdtformation of crystalline rocks interspersed with gra- 
nite, which has just been mentioned, range also through Scandinavia, 
Finland, and Lapland. In the latter countries, and in the more 
northern parts of America, Sir Charles Lyell lias observed that the 
fossiliferous socks beldng ^either to the most ancient, or to the newest 
formations ; to the Silurian strata, or to such as contain shells of 
recent species only, no intermediate formation appearing through 
immense regions. Palaeozoic strata extend for 2000 miles in the 
middle and high latitudes of North America ; they occupy a tract 
neatly as great between tnc most westerly headlands of Norway, and 
t^ose that separate the White Sea from the Polar Ocean. Sir Ro- 
derick Mtircliison* lias traced them through Central and Eastern 
Europe, and the Ural Mountains, even to Siberia ; Messrs. Abich 
and Thiatcheff through the Caucasus and Altai. They have been seen 
by Messrs. Pentland and d’Orbigny to constitute some ofthe most ele- 
vated pinnacles of the Bolivian Andes ; and Colonel Strachey has 
discovered them at a great elevation in the Himalaya, where they 
form the summits of the gigantic Junnotri, and with fossils ana- 
logous to those found in the Uraftmd the Andes. Throughout these 
vast lwions, both in America and in the Old Continent, the Silurian 
strata^re followed in ascending order by the Devonian and carbo- 
niferous formations, which are of such enormous extent in the 
United States;' and which reappear in New Brunswifl|| Newfound- 
land, and traces of them may be found in the islands of the Polar 
Ocean, on ttie east coast of Greenland, and even in Spitzbergen. 
A vast carboniferous basin exists in Belgium, abovfc the Silurian 
strata ; two or three of less importance in France ; and a great portion 
df Britain is perfectly similar in structure to North America. The 
Silurian rocks in many instances^ are the same, and the coal-fields 

1 The reader is referred to the excellent maps and letter-press on the geolojjy 
of North America, by Professor Rogers, in the new editiop of Mr. Keith 
Johnston's Physical Atlas, and to the Atlas of the United States, Canada, 
Mexico, &c. &c.. by Professor Rogers and A. Keith Johnston, published in 1857. 
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of New England are precisely similar to these in Wales, 3000 
miles off. * * * 

In all the rflOre northern countries that ha^ been mentioned, so 
very distant from one another, the general range of the rocks is front 
north-east to south-west ; and in Northern Europe, the British Isles 
and North America, great lakes are formed along the junction of 
the strata, the whole analogy affording a proof of the wide diffusion 
# of the same geological conditions in the northern regions at a very 
remote period. At a later time those erratic blocks which are nojy 
scattered t>ver the higher latitudes, of both continents, were most 
likely brought from the north by drift-ice or currents, while the land 
was still covered by the deep. Volcanic agency has not been want- 
ing to complete the analogy. The Silurian and overlying strata 
have been pierced in mgnerous places by trappean rocks od both 
continents, and they appear also in the islands tf the North Atlantic 
and Polar Seas. 

From the similar nature of the coasts, and the identity of the 
fossil mammalia on each side of Behring Strait, it is more than 
probable that the two continents were 'united, even since the sea 
was inhabited by the existing spedles of animals. Some of the 
gigantic quadrupeds of the Old Continent ^re supposed to have 
crossed either over the land or over the ice to America ; and to have/ 
wandered southward through the longitudinal valleys of tje Rocky 
Mountains, Mexico, and Central America, and to have ‘spread over 
the large plains of both continents even to their utmost extremity. 1 * 
An extinct species of horse, the mastodon, a species of elephant, 
three gigantic edentata, and a hollow-homed ruminating animal 
roomed over the prairies of North America, certainly since the sea 
was peopled by its present inhabitants, probably even since the 
existence of the Indians. The skeletons of these creatures are found 
in great numbers in the saline marshes on the prairies, called 
whicfrare still the resort of the existing races. 9 

There are, however, various animals peculiar to America, as well 
as to each part of that continent, at least as far as it is •jet known. 
South America still retains in many instances the type of its ancient 
inhabitants, though on a very reduced scale. But on the Patago- 
nian plains and on the Pampas, skeletons of creatures of gigantic 
size and anomalous forms have been found ; pne a quadruped of great 
magnitude covered with a prodigious coat of mail similar to that of 
the armadillo ; others like rats or mice, as large as the hippopo- 
tamus, all of which had lived on vSgfetables, and had existed at the 
same time with those already mentioned. These animals were not 


1 Sir John Richardson on the Fauna of the High Latitudes of North America. 

9 Lyell's Travels in North America. 



138 


PHYSICAL GEOGBAPHY. . 


Chap. XII. 


destroyed by the agency of man, since creatures not larger than a 
rat disappeared from Brazil within the same^per iod. 

' The average height <bf the continents above the l&el of the sea 
it the mean between' the height of all the high lands and all the 
low. Humboldt, by .whom the computation was effected, found 
that the 'table-lands, with their slopes, on account of their great 
extent and mass, have a much greater influence upon the result than 
mountain-chains. For example, if the range of the Pyrenees were 
pulverised, and strewed equally over the whole of Europe, it would 
only raise the soil 6 feet ; the Alps, which occupy an area |pur times 
as great as that on which the Pyrenees stand, would only raise it 

22 feet; whereas the compact plateau of the Spanish peninsula, 

which has only 1920 feet of mean height, would elevate the soil of 
Europe 76. feet ; so that the table-land of the Spanish peninsula 
would produce an effectnearly four times as%reat as the whole system 
of the Alps J * ® • 

A great extent of low land necessarily compensates for the high — 
at least it diminishes its effect. The mean elevation of France, in- 
cluding the Pyrenees, Jura, Vosges, and all the other French moun- 
tains, is 870 feet, while the cnean height of the wholfe European 
continent, of 1,720,000 square, miles, is only 670 feet, because the 
vast European plain, which is nine times as large as France, has 
a mean ^altitude of but 380, although it has a 1 few intumescences, 
which, however, are not much above 1000 feet high, so that it is SjpO 
feet lower than the mean height of France.* 

The great table-land of Eastern Asia, with its colossal mountain- 
chains, lias a much less effect on the mean, height of Asia than 
might have been expected, on account of the depressitf jKflmd tiie 
Caspian Sea ; and still more from the very low levelMotS enor- 
mous extent of Siberia, which is a third larger than all Europe. * The 
intumescences in these vast plains^ are insignificant in comparison 

4 a cnain of mountains is assumed to be a three-sided horizontal prism, 
whose height is the mean elevation of the chain, and the base the mean length 
and breadth of the same, or the area on which the chain stands, and thus its 
mass may be computed approximately. It is evident that a table-land must 
have a greater effect on the mean height of a continent than a chain of moun- 
tains, for, suppcteing both to be of the same base and altitude, one would be 
exactly double the other ; and even if the mountains be the higher of the tWo, 
their upper parts contain nttich less solid matter than their lower on account 
of the intervals and deep valleys between the peaks. » 

3 According to M. Charpentier, the area of the base of the Pyrenees 4s 
1720 square English miles. As tl,* mean elevation of the passes gives the 
mean height of the mountains, Baron Humboldt estimated from the height of 

23 passes over the Pyrenees that the mean credt of that chain is 7990 feet high, 
which is 300 feet higher than tne mean height of the Alps, though the peaks 
in the Alps have a greater elevation than those of the Pyrenees in the ratio 
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With their vast area, for Tobolsk is only 115 feet above the level of 
the sea ; and even on the Upper Angora, at a point nearer the Indian 
thaj? the Arctic Sea, the elation is only 830 feet, and the third part 
of Asia has a mean height of only 255 feet. The effect of the Great 
Gobi, that part of th$ table-land lying between Lake Baikal and 
the wall of China, is diminished by a vast hollow 2560 feet deep, the 
diy basin of an ancient sea of considerable extent near Erg4, so that 
this great desert has a mean height of but 4220 feet, and conse- 
quently it only raises the general level of the Asiatic continent 128 fe<^, 
though it is twice as large as Germany. The table-land of Tibet, 
whose mean elevation, according to Humboldt, is 11 ,600 feet, together 
with the chains of the Himalaya and Kuen-lun, which enclose it, 
only produces an effect of 358 feet. On the whole the mean Ifcvel of 
Asia above the sea is 1160 feet. 1 • 

Notwithstanding the height and length o£ the Andes, their mass 
has little effect on the continent of South America on account of the 
extent of the eastern plains, which are one-third larger than Europe. 
For if these mountains were reduced to powder and strewn equally 
over them, it would not raise them above 518 feet ; but when the 
minor mountain systems and the table-land of Brazil are Sdded to 
the Andes, the mean height o> the whole of*Soyth America is 1130 
feet. North America, whose mountain-chains age far inferior to. 
those in the southern part of *thc continent, has its mean fcldVation 
increased by the table-land of Mexico, so that it has*7So feet of 
mean height. 

The. mean elevation of the whole of the New World is 930 feet 
above the level of the sea, and- of the continentalmasses of Europe and 
Asia 1010 feet. Thus it appears that the internal action in ancient 
times has been most powerful under Asip, somewhat less under 
South America, considerably less under North America, and least 
of all under Europe. In the course of ages changes will takyjlace 
in these results, on account both of the sudden and gradual ft of 
the land in some parts of the earth, and its depression in others. 
The continental masses of the •north are the lowest portions of our 
hemisphere, since the mean heights of Europe and North America 
are 6f0 and 750 feet.* 

1 The Russian Academicians MM. Fuss and Bunge found by barometrical 
measurement the mean height of that part of tHfe Eastern Asiatic table-land 
lying between Lake Baikal and the Great Wall of China to be only about 6960 
feet. The smallness of this mean is owing to hollows in the table-land, 
especially in the desert of the Great Gobi?* 

9 By the measures # and -calculations of Baron Humboldt and Mr. Pent- 
land, the elevation of the highest peaks, and the mean heights of the 
Himalaya, of the Equatorial and Bolivian Andes and the Alps, are a* 
follows : — 

Himalaya 
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So little is known of the bed of the ocean that no inference can lie 
drawn with regard to its heights and hollows, and what relation its 
mean depth bears to the mean height ofrthe land. From its ri&all 
"influence on the gravitating force, La Place assumed it to be about 
four miles. 1 * As the mean height of the continents is about 1000 
feet, ^id 'their extent only about a fourth of that of the sea, they 
might be easily submerged, were it not that, in consequence of the 
sea being only one-fifth of the mean density of the earth, and the 
earth itself increasing in density towards its centre, La Place has 
proved that the stability of the equilibrium of the ocean con never 
be subverted by any physical cause : a general inundation from the 
mere instability of the ocean is therefore impossible. 

• 

Peaks. Mean Height. 

Himalaya 29,002 . . . . 15,670 

Andes between 5° N. and 2° S. lat. . . 21,424 . . . . 11,380 

Eastern Cordillera c 1 between 18° / 21,300 . . . . 15,250 

Western Cordillera / and 15° S. lat. \ 22,350 . . . . 14,900 

Alps 15,739 .. .. 7,353 

The Peak of Dhawalaghiri is 26,862 feet high, and Mount Everest, or 
the Peak #f Ddodhunga, between Nepaul and Slkim 29,002. Captain Gerard 
gives 18,000 or 19,000 feet as the height of the snow-line on the mountains 
in the middle of the Asiatic table-land, arid 30,000 feet as the absolute eleva- 
tion of the Kuenlun, but the latter figures require confirmation, no direct 
'measures of the peaks of the Kuenlun having been ever executed. 

1 The gtea£est depth hitherto attained by soundings was six statute miles, 
or about 10,500 yards, in the North Atlantic, by the v American expedition 
lately sent to ascertain the existence of the false Bermudas. 45ee official 
despatch of Lieut. Maury, ra Washington paper of November 8, 1850. 
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A 

The Continent of Australia — Tasmania, or Van Diemen’s Land — Islands A. 
Continental Islands — Pelasgic Islands ~ New Zealand — New Guinea — 
Borneo — Atolls — Encircling Reefs — Coral Reefs — Barrier Reefs — 
Volcanic Islands — Areas of Subsidence and Elevation in the Bed of the 
Pacific — Active Volcanoes — Earthquakes — Secular Changes in the Level 
of the Land. 

The continent of Australia, situate in the Eastern Pacific Ocean, is 
so destitute of largo navigable rivers that probably no very high 
land exists in its interior, which, as far as it has been explored, 
seems to be singularly flat and low, but it is still so imperfectly known 
that no idea can be formed of its mean elevation, sit is 2400 miles 
from eac£ to vjest, and 1700 frdfai north to sofitfc* ai$ is divided into 
two unequal parts by the Tropic of Capricorn ; consequently it ha^ 
both a temperate and a tropiCal climate. New Guinea, # £ep*arated 
from Australia by Torres Strait, and traversed by the ‘same chain 
of mountains with Australia and Tasmania, is so perfectly similar 
in structure, that it may fce regarded as a detached member of the 
adjacent continent. 

The coasts of Australia are indented by very large bays, and by 
harbours that might give shelter to all thefnavies in Europe. The 
most distinguishing feature of the eastern side, which is chiefly 
occupied by the British colony oT New South Wales, ia a long chain 
of mountains which never retires far from the coast, and, witli the » 
exception of some short deviations in its southern part, maintains 
nearly a meridional direction through 35 degrees of latitude It is 
continued at one extremity from Torres Strait, north of the Gulf 
of Carpentaria, far into the interior of New Guinea ; and at the other 
it traverses the whole of Tasmania. It is low in the northern 
parts of Australia, being in some places merely a high land ; but 
about the 30th degree of south latitude it assumes the form of 
a regular .mountain-chain, and running in a tortuous line from 
N. E. to S. W., terminates its Visible course at Wilson Pro- 
montory, the southern extremity of the continent. It is continued, 

however, by a chain of mountainous islands across Bass’ Strait 

to Cape Portland, in Tasmania; from thence the range proceeds 
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iff a zig-zag line of high and picturesque elevations to South Cape, 
where || ends, having, in' its course of 1500 miles, separated the 
drcftiage pf both/ countries into eastern and western waters. 

The distanpe. of the chain from* the sea in New South Wales is 
from 50 to 100 miles, hut at the 32nd parallel it recedes to 150, yet 
soon returns, and forms the wild group of the Corecudgy Peaks, 
from whence, under the names of the f&iq Mountains, and Austra- 
lian Alps, its highest part, it proceeds in a general westerly direc- 
tion to the land's end. . > 

* The height of these mountains is only from 2400 to 4700 
feet above the level gf the sea, and even* Mount Kosciusko, the 
loftiest of the Australian Alps, is not more than 6500 feet high ; 
yet its position is so favourable, that the view from its snowy and 
craggy top sweeps over an area of 7000 square miles. The rugged 
and savage character c of these mountains far exceeds what might be 
expected frqjn their height : in some places, it is true, their tops are 
rounded and covered with forests ; but by far the greater part of the 
chaip, though wooded along the’ flanks, is crowned by naked 
needles, serrated peaks, and flat crests of granite or porphyry, 
mingled with patches of snow. The spurs give a terrific character 
to these mountains^ and in many places render them altogether 
inaccessible, both in New South Wales and Tasmania# ThesC 
shoot right and l€ft from the axis <tf the main ‘range, equal to it 
in height? and separated from it, and from each another, by dark 
and almost subterraneous gulleys, like rents in the bosom of . the 
earth, iron-bound by impracticable preciDices, with streams flowing 
through them in black silent eddies or Toaming torrents. . The in- 
tricate character of these ravines, the danger of descending into 
them, and the difficulty, of getting out again, render this mcfuntain- 
chain, in New South Wales at least, almost an impassable barrier* 
between the country on the coast and that in the interior — a circum- 
stance very ilnfavourable to the latter. 1 

In New South Wales the country slopes westward from these 
mountains towards a low, flat, unbrpken plain. On the east side, 
darkly verdant and round-topped hills and ridges are promiscuously 
grouped 1 : together, leading to a richly- wooded undulating country, 
which gradually descends to the coast, and forms the valuable lands 
of the British colony. Discovered by Cook in the year 1770, it was 
not colonized till 1788. * It has become a prosperous country ; and 
although new settlers fl^the more remote parts suffer the privations 
and difficulties incident to thei^ position, yet there% educated so- 
ciety in the towns, with the comforts and luxuries of civilized life. 

The coast-belt on the western side of Australia is generally of in- 


1 Memoirs of Count Strzelecki. 
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ferior land, with ridher tracts interspersed near the rivers, and 
bounded on the east by a range of primary mountains from 3000 to 
4000 feet high, in which granite occasionally Appears. Beyond this 
the country is level, and the land better, though nowhere very pro- * 
ductive except in pastufe. 

It appears from the exploring expedition of Mr. Gregory, that a 
table-land of sandstone of no great elevation runs along the northern 
•coast, forming Arnhem Isjpnd, through which the rivers Adelaide, 
Roper, and Aligator flow to the sea, and south of it the river Vic- 
toria ; on the banks of which he discovered a fertile region, of moire 
than three millions of acres of the finest pasture land, which will 
no doubt become a British colony. One of the results of this very" 
interesting expedition is to confirm wliat had been already suspected, 
that the greater part of the interior of the vast continent of Australia 
is a treeless, uninhabitable desert of sand and shingle, probably the 
bed of a dried-up sea, and all but impassably ■from the want of water, • 
so that intercourse between our colonies in that quarter must either 
be along the coast hills or by sea. The interior qn the west has 
exactly the same character. * 

The prevalent belief that there is a fresh-water lake in the interior 
is unfounded. Want of water is the misfortune of this country, for 
the rivers in the north, if we except* the Victoria, Tuhicli is navigable 
for a certain extend are only navigable to a short distance from their 
Siouths. * 

However unpropitious the centre of the continent may be — and 
■the shores generally have the same barren character — there is abun- 
dance of fine ‘country inland from the coast. All tropical pro- 
ductions might be raised, and in so large a continent there must 
be extensive tracts of arable land, though # its peculiar character is 
pastoral. North of Sidney both cotton and* si lk are produced as well 
as wines of excellent quality. # There are large forests on the moun- 
tains and elsewhere, yet that moistifre is wanting which clothes 
other countries in the same latitudes with rank vegetation. In the 
colonies, the clearing of a great extent of land has modified in some 
degree the mean annual temperature, so that the climate has become 
hotter and drier, and not thereby improved. 

Tasmania, of triangular form, has an area of # 27*, 200 square 
miles, and is very mountainous. No country has a greater number 
of deep, commodious harbours, and, as most of the rivers, though 
not navigable to any distance, end in arms of the sea, they afford 
secure anchorage for ships of any size. The mountain-chain that 
traverses the oolony of New South*Wales and Fumeaux island in 
Bass’ Strait, rises agflin from Cape Portland, and, winding through 
Tasmania in the form of the* letter Z, separates it into two 
nearly equal parts, with a mean height of 3750 feet, and at an 
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average distance of 40 miles from the sea. It encloses the basins of 
the Derwent and Heron rivers, and, after sending a branch between 
them to Hobart Town, ends at South Cape. The offsets which 
4 shoot in all directions are as savage and full of impassable chasms as 
it is itself. There are cultivable plains ' and valleys along the 
numerous rivers and large lakes by which the country is well 
watered ; so that Tasmania is more agricultural and fertile than 
the adjacent continent, but its climate js wet and cold. The un- 
cleared soil of both countries, however, is far inferior to that in 
the greater part of North or South America. 1 

Granite constitutes the entire base of the western portion of New 
South Wales, amd extends far into the interior of the continent, 
bearing a striking resemblance in character to a similar portion of 
the Altai chain described by Baron Humboldt. The central axis 
of the moimtain-range, in New South Wales and in Tasmania, 
>is of granite, syenitp,<-and quartz rock; but in early times there 
had been great invasions of volcanic substances, as many parts 
of the main chain, and most of its offsets, are of the older Plutonic 
rocks. The fossiliferous strata of the 4 two colonies are mostly of 
the palaeozoic period, but their fossil fauna is poor as regards the 
number of species. Some are identical with, and others are repre- 
sentatives of, thase^f other countries, even of England. It appears 
from the flora of the coal formation of these countries, that the vege- 
tation wa^ as distinct from that of the northern hemisphere, at tlfe 
carboniferous period, as it is at the present day. 

The richness of the gold alluvium at the foot of the Australian 
alps has changed the character of New South Wales from that of a 
thinly-peopled pastoral country to one of the most rising and flou- 
rishing colonies that has sprung from the Anglo-Saxon race. As 
early as 1844, Sir R. Murchison predicted that Australia, from the 
similarity in direction of its mountaim-chains, and of its rocks, with 
those of the Ural, then recently explored by him, would become, one 
day, a gold-producing country, but no one could have foreseen its 
excessive richness. Both the chains in question, in those parts 
wh#*e gold ik found, consist of metamorphiq strata of schist, sand- 
stones, and limestones of the palaeozoic age, traversed by igneous 
rocks; but th^y differ in this respect, — that while in the Ural the 
gold only exists on the eastern or Siberian side, in the Australian 
alps it is on the western. As far back as 1829, specimens were 
brought to Sidney by shepherds and labouring men, and, a*s soon as 
it was known that gold Vas to be found in' large quantities, mul- 
titudes flocked to Australia from every quarter, and to such an 
extent had the search been carried, that in* the year 1856 alone, 


1 Count Strzelecki, 
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gold to the value of 125 tons, or, in money-value, upwards of 12 
millions sterling, was sent to England from the colony of Victoria 
alone , and 11,150 pounds weight, or 520,000?., from that of New South 
Wales , the greater part from the alluvial deposits on the earth’s sur- 
face, which had been spread at different elevations m former penods 
of powerful abrasion by water, which wore away the aunferous 
rocks and scattered their treasures on the surface below. Very large 
masses have frequently been found, but generally it is met with 
m large and small grams. 1 • 

The nch aunferous tracts are m Victona Land, especially round 
Mount Alexander and along the banks of the Loddqp, a%ibutaiy to 
the Murray, and the Ovens Diggings to the north-west. There are 
less nch accumulations along the feeders of the Macquame, to the 
west of Bathurst , also near Wellington, and m the numerous creeks 
which supply the head-waters of the Peel Rjver % 

So much gold has been extracted from the surface that it is now 
not so easy of access , but new aunferous deposits are frequently 
discovered, and the Rev. W* B Clarke, an excellent geologist* has 
shown that the affluents of the Snowy Rivei, which descends to 
the south from the high alps at Mount Kosciusko, may be worked 
when the ncher depositb fail # No ^old-mme^Tfrtl«j solid rock h 
yet been worked with piofit , so when the time comes m wjuqji the 
golden giavel is exhausted, ltljphief object will be accomplished 
m having been the means employed by Providence for establishing 
civilised and Chnstian nations over a great continent, and reliev- 
ing the mother country of its surplus population. 

Though the innumerable islands that aie scattered through the 
ocean and seas differ much m size, form, and character, tl^y have 
been grouped by M Von Buch into the two»distmct classes of Con- 
tinental and Pelasgic islands, most of 11 the latter being either of 
volcanic or coral formation. Continental islands are long m propor- 
tion to their breadth, and follow each other m succession along the 
margin of the continents, as if they had been formed during the 
elevation of the mainland, oi hftd subsequently been separated from 
it by the action of the sea, and still mark its ancient ^boundary. 
These islands, which follow one another m their elongated dimen- 
sions, generally run parallel to the mantime chains of mountains, 
and are mostly of the same structure, so that they suggest the idea 
of a submarine portion of the maritime range that has not yet com- 
pletely emerged from the deep — or,^if haviftg sunk down, has not 
yet disappeared below the waves. 

Amenca offers numeious examples of this kind of island. On 

1 The quantity of gold brought from California during the first six months 
of 1857 amounted to 4,700,000?., a smaller amount than our Australian colo- 
nies have produced. 

H 
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tSe north-western coast there is a long Chain of them, beginning 
with the New Norfolk group and ending with Vancouver Island, 
all similar and parallel to the maritime chain. Another range of 
-Continental islands occurs at the southern extremity of America, 
extending from Chiloe to Cape Horn, evidently an exterior range of 
the Patagonian Andes, and the southern prolongation of the granitic 
or coast-chain of Chile ; in the Gulf of Mexico, the ancient margin 
of the mainland is marked by the curved group of Porto Rico, San 
Domingo, Jamaica, and Cuba, which nearly joins the peninsula of 
Yucatan. The various islands along the American coast of the 
Polar Ocean ar^ probably the shattered fragments of the continent. 

The old continent also affords innumerable examples ; along the 
whole coast of Norway, from North Cape southwards, there is a 
continuous chain of rocky islands similar and parallel to the great 
range of the Scandinavian Alps ; Great Britain itself, with the 
Hebrides, 6 rkney, and Zetland islands, are remarkable instances of 
Continental islands. It would be superfluous to mention the various 
instances which occur in the Meditefranean, where many of the 
islands are merely the prolongations of the mountain-chains of the 
mainland rising above the sea, as Corsica and Sardinia, which are an 
offset from the Momime Alps!' ' 

The r great central chain of Madagascar and r its elongated form, 
parallel ( to the mountains and sorith -eastern margin of the great 
African table-land, show that the island once formed part of the 
continent. Asia, also, abounds in similar instances, as Sumatra, 
Java, and the Moluccas, and another vast chain extends along the 
western coast from Formosa to Kamtchatka. 

Pelasgic islands have risen from the bed of the ocean, independ- 
ently of the continents, and generally far from land. They are 
mostly volcanic, altogether* or in part ; often very lofty 5 sometimes 
single, and frequently grouped together, and each group has, or for- 
merly has had, a centfe of volcanic action in (me or more of the islands, 
round which the others have been formed. Many have craters of 
elevation, that is to say, they have "been raised np in great hollow 
domes by the internal elastic vapours, and have either remained so, 
have become^ rent at the surface into gigantic fissures, or have col- 
lapsed into hollow cups, when the pressure from below was removed : 1 
a considerable number «have active vents. 

The small islands and groups scattered at enormous distances from 
one another within the Antarctic Circle are all of volcanic formation, 
though none are active. In' the Atlantic, Tristan da Cunha, St. 
Helena, Ascension, and Madeira are volcanic, though not now actively 
so; whereas the Cape de Verde, Canaries, and Azores have each 
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burning volcanic vents : 1 the peak of Teyde, in Teneriffe, is one of 
the most magnificent volcanic cones in the world. v 

The labyrinth of islands scattered over the Pacific Ocean for more 
than 50 degrees on each side of the equator, and from the 130th eastern 
meridian to Sumatra, which all but unites this enormous archipelago 
to the continent of Asia, has the group of New Zealand and the con- 
tinent of Australia, with its appendage, Tasmania, on the south, 
and altogether forms a region which, from the unstable nature of 
the surface of the earth, is partly the wreck of a continent that has 
been engulfed by the ocean, and partly the summits of a new one 
rising above the waves. This extensive portion of the globe is in 
many parts terra incognita with regard to the interior of the islands, 
but is becoming every day less so, * 9 

M. Yon Buch conceives that the enormous cjrcuit, beginning with 
New Zealand and extending through Norfolk Island, Neiv Caledonia, 
New Hebrides, Solomon Island, Now Britain, New Hanover, New 
Ireland, Louisiade, and New Guinea, once formed the westenq and 
northern boundary of the Australian continent. 

New Zealand, divided into three islands by rocky and dangerous 
channels, is superior to Australia in richneqs of soil, fertility, and 
beauty ; it abounds in a variety* of vegetable anJUtifleral productions* 
High mountains, of volcanic origin, run through the islands, which * 
in the most northerly, rise to nearly 10,000 feet* above* the Stormy 
ocean around, buried two-thirds of their height in permanent snow 
and glaciers, exhibiting on the grandest scale all the alpine cha- 
racters, with tile addition of active volcanoes on the eastern and 
western coasts : that of Tangariro pours forth deluges of boiling 
water, which deposit vast quantities of silicons sinter like the Gey- 
sers in Iceland ; and such is the vitality of the vegetation that plants 
grow richly on the banks and even in water too hot to be endured. 3 
The coast is a broken country, overspread with a most luxuriant but 
dark and gloomy vegetation. There are undulating tracts and table- 
lands of great extent without a tree, overrun by ferns ang a low kind 
of myrtle; but the mountain-ridges are clothed with dense and 
gigantic forests. There is much good land and many lakes, with 
navigable rivers, the best of harbours, and a mild climate ; so that 
no country is better suited for a prosperous and flourishing colony. 

1 These two last groups of islands have been admirably illustrated since the 
publication of the first edition of this work, by the beautiful charts by Cap- 
tains Arlett and Vidal, published by th^ Admiralty under Sir Francis Beau- 
fort’s directions. They aie equally interesting to the geologist and to the 
navigator. 

3 The highest peaks hitherto measured are Mount Egmont, 8840, and Mount 
Edgecumbe, a very perfect cone, near the settlement of New Plymouth, 9630 
feet above the sea. 

* — Mantel, Esq. 
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It may be considered, even at this early period of its colonial exist- 
ence, as the Great Britain of the southern hemisphere. 

A very different scene from the stormy seas of New Zealand pre- 
sents itself to the north of Australia. There, vivified by the glowing 
sun of the equator, the islands of the Indian Archipelago are of 
matchless beauty, crowned by lofty mountains, loaded with aromatic 
verdure, that shelve to the shore or dip into a transparent glassy sea. 
Their coasts are cut by deep inlets, and watered by the purest 
streams, which descend in cascades rushing through wild crevices. 
The whole is so densely covered with palms and other forms of tropical 
vegetation that they seem to realize a terrestrial paradise. 

Papua or New Guinea, the largest island in the Pacific after 
Australia, is 1100 miles long and 400 in width, with mountains rising 
above mountains, till in the west, capped with snow, they attain the 
height of lfi,000 feet." IJrom its position so near the equator it is pro- 
bable that New Guinea has the same vegetation with the Spice 
Islands to the east, and, from the little that is known of it, must be 
one of the finest countries in existence. Storms are fiequent ; rain 
falls in torrents ; earthquakes are rare and never violent. 1 

Borneo, next in size to New Guinea, is a noble island, divided 
|jnto two nearly, equal parts by the equator, and traversed through 
* its wfcoje length by chains of mountains, which end in three branches 
at the Ja ir% Sea. Beautiful rivers flow from them to the plains, and 
several of these are said to spring from a spacious lake on the table- 
land in the interior, among the peaks of Keni-Balu, whose^J&olute 
elevation is estimated at 13,000 or 14,000 feet. No European has 
been at this lake, but the Malay lake is known to be 8 leagu^long 
by 4 broad, and situated about 45 leagues from the w$ten& coast. 
Borneo is three times tke size of the British islands, anyone. mass of 
primeval forest. It has a coast-line of about 2000 miles, with few 
bays and no great inlets, and its rivers have bars at their mouths, 
but passing these the/ are deep. As yet only primary and seodndary 
formations have been met with, but the mineral riches are very great. 
Diamonds, gold, iron, antimony, add coal are among its minerals ; 
gums, gutjta percha, and all kinds of spices and tropical fruits are 
among its vegetable productions. 

Situate in the centre of a vast archipelago, and in the direct line of 
an extensive and valuable commerce, it will in the course of time 
become the scat of a great nation, whose civilization and prosperity 
will hand down to posterity the name of the enterprising, philan- 
thropic Sir James Brooke, Rajafof Sarawak, with the highest honour 
to which man can aspire. The climate is healthy, tempered by sea- 
breezes, and in some parts even European ; the small island of Labuan 

ii* 

1 Momtenr dcs Indes Orientals, if. p. 45. 
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and the adjacent coasts of Borneo being rich in coal, situated in the 
route of steam-vessels between India and China, exercise a very 
great influence on the trade between Europe and the Celestial em- 
pire, and on the civilization of the barbarous and piratical tribes of 
the Eastern Archipelago. 

A volume might be written on the beauty and riches of the Indian 
Archipelago. Many of the islands are hardly known ; the interior 
of the greater number has scarcely been explored, so that they offer a 
wide field of discovery to the enterprising traveller, and they are now 
of easier access since the seas have been cleared of pirates by the 
exertions of Sir James Brooke and the officers of Her Majesty’s Navy. 

They have become of much importance since our relations with 
China have been extended, on which account surveys of their coasts 
have been already made and are going on under the direction of the 
Hydrographer of the Navy. The great intertropical islands of the 
Pacific, as the large islands, Ceylon and Madagascar, in the Indian 
Seas, which do not differ in character from*the preceding, are really 
continents in miniature, with their mountains and plains, their lakes 
and rivers ; and in climate they vary, like the main land, with the 
latitude, only that the extremes of heat and cold are more marked 
,in continental climates. 

It is a singular circumstance, arising froup^ hq i nstability of the 
crust of the earth, that most of the smaller tropicjl pelasgic island^ 
in the Pacific and Indian Oceans are either volcanic or coralflnl ; and 
it is a startling fact, that in most cases where there are Volcanoes the 
land is rising by slow and almost imperceptible degrees above the 
ocean, wherca* there is every reason to believe that those vast spaces, 
studded with coral islands or atolls, are actually sinking below it, 
and have been for ages. 1 

There are four different kinds of coral formations in the Pacific and 
Indian Oceans, ail entirely produced by the growth of organic beings, 
and their detritus ; namely, lagoon islands or atolls, encircling reefs, 
barrier reefs, and coral fringes. They are aH nearly confined to thq 
tropical zones ; the atolls to the Pacific and Indian Oceans alone. * 

An atoll or lagoon island eonsists of a chaplet or ring of coral, 
enclosing a lagoon or portion of the ocean in its centre. The average 
breadth of the part of the ring above the surface of the* sea is about 
^ a quarter of a mile, oftener less, and it seldom riles higher than 
4 from 6 to 10 or 12 feet above the waves. ^Hence the lagoon islands 
are not discernible, even at a very small distance, unless when they 
are covered with the cocoa-nut palm, or the pandanus, as is fre- 
quently the case* On the outer side this ring or circlet shelves down 
to the distance of 100 or 200 yards from its edge, so that the sea 


1 Mr. Darwin on Garni Reefs. 
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deepens to 25 fathoms, beypnd which the sides plunge at 
offce into the unfathomable depths of the ocean, with a more rapid 
.descent than the cone of any volcano. Even at the small distance of 
some hundred yards no bottom has been found with a sounding-line 
a mile and a half long. All the toral at a moderate depth below 
the surface of the water is alive— all above is dead, being the detritus 
of the living part, washed up by the surf, which is so heavy on the 
windward side of the tropical islands of the Pacific and Indian 
Oceans, that it is often heard miles off, and is frequently the first 
warning to seamen of their approach to an atoll. 

On the lagoon side, where the water is calm, the bounding ring 
or reef shelves into it by a succession of ledges, also of living coral, 
thohgh not of the same species with those which build the exterior 
wall and the foundations of the whole ring. The perpetual change 
of water brought into contact with the external coral by the 
breakers probably supplies, them with more food than they could 
obtain in a qhieter sea, Which may account for their more luxuriant 
growth. At the same time, they deprive the whole of the coral in 
the interior of the most nourishing part of their food, because the 
still water in the lagoon, being supplied from the exterior by 
openings in the ring, ceases to produce the hardier corafa and 
species of more forms, 'and bf much slower grovraf take 

their place. 1 The^ depth olTtiie lagoon varies, in different atolls, 
from 20 tb50 fatJflfe^tfeeTOttom being partly detritus and partly 
live com^. Byth^Mpth of the coral, some few of the lagoons have 
been tflpd process is very slow from the causes above 

assigneo^^dfffifeo because there are marine animals that feed on 
the living coral, and prevent its indefinite growth. In all depart- 
ments of nature, the exuberant increase of any one class is checked 
#nd limited by others. The coral is of the most varied and delicate 
structure, and of the most beautiful tints : dark brown, vivid green, 
rich purple, pink, deep blue, peach' colour, yellow, with dazzling 
White, contrasted with deep shadows, shine through the lixUpid 
water; while fish of the most gorgeous hues swim among the 
branching coral, which is of many different kinds, though all com- 
bine in the structure of these singular islands. Lagoon islands are 
sometimes circular, but more frequently oval or irregular in their 
fonn. Sometimes they are solitary, at other times in groups, but 
they occur most frequently in elongated archipelagos, with the atolls 
elongated in the same direction. The grouping of atolls bears a 
perfect analogy to the grouping of the archipelagos of ordinary 
islands. > 

1 Supplement to the Observations on the Temple of Sezapis, by Charles 
Babbage, Esq. 
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The size of these fairy-rings of the ocear varies from 2 to 90 
miles in diameter, and islets are frequently formed on the submerged 
part of the coral rings by the washing up of the detritus, for they 
are so low that the waves break over them in high tides or storms. 
They have openings or channel^ in their circuit, generally on the 
leeward side, where the tide enters, and by these ships may sail 
into the lagoons, which are excellent harbours, and even on the 
surface of the circlet or reef itself there are occasional boat-channels 
between the islets. 

Dangerous Archipelago, lying east of the Society Islands, is one if 
the most remarkable assemblages of atolls in the Pacific Ocean. 
There are 60, generally of a circular form, surrounding deep lagoons, 
and separated from each other by very deep channels. The reefs or 
rings are about half a mile across, and seldom rise more than 10 feet 
above the edge of the surf, which beats upon them with sifch vio- 
lence that it may be heard at the distance if 8 miles ; and yet on 
that side the coral insects build more vigorously, anti vegetation 
thrives better than on the other. Many of these islets are inhabited. 

The Caroline Archipelago, the largest of all, lies north of the 
equator, and extends its atolls in 60 groups over 1000 square miles. 
Many ave of great size, and all are beat by a tempestuous sea and occa- 
sional hurricanes. The atolls ih the # Pacific Oos^gnd China Sea are 
beyond enumeration. Though less frequent in Jbhe Indian Ocean, 
none are more interesting, or *afford more perfect spedmefisof this 
peculiar mode of formation, than the Maidive and LacdaSive archi- 
pelagos, both nearly parallel to the coast of Malabar, and elongated 
in that direction. The former is 470 miles long and about 60 miles 
broad, with atolls arranged in a double row, separated by an un- 
fathomable sea, into which their sides descend with more than 
ordinary rapidity. The largest atoll is 88 /biles long, and somewhat 
less than 20 broad ; Suadiva, the next in size, is 44 miles by 23, 
with a large lagoon in its cdhtre, to which there is access by 42 
openings. There are inhabited islets on most of the chaplets or rings 
not higher than 20 feet, while the reefs themselves are nowhere more 
than 6 feet above the water’s*edge. 

The Laccadives are situated to the north of the latter archi- 
pelago in a double line of nearly circular atolls, on vliich are low 
inhabited islets. 1 

Encircling reefs differ in no respect from ^toll-reefs, except that thpy 
have one 'or more islands within their lagoon. They commonly 
form a ring round mountainous islands, at a distance of two or three 
miles from the shore, rising on the outside from a very deep ocean, 
and separated from the land by a lagoon or channel 200 or 300 feet 
deep. These reefs surround the submarine base of the island, and, 
rising by a steep ascent to the surface^ encircle the island itself. 
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The Caroline Archipelago exhibits good examples of this structure 
in the encircled islands of Hogolen and Siniavin ; the narrow ring 
or encircling reef of the former is 135 miles in ii£ ^efry irregular 
circuit, on which are a vast number of islets : six or eight islands 
rise to a considerable height from*its lagoon, which is so deep, and 
the opening to it so large, that a frigate might sail into it. The 
encircling reef of Siniavin is narrow and irregular, and its lagoon is 
so nearly filled by a lofty island, that it leaves only a strip of water 
round it from to 2 to 5 miles wide and 30 fathoms deep. 

^Tahiti, the largest of the Society group, is another instanc^of an 
encircled island of the most beautiful kind ; it rises in mountains 
7000 feet high, with wily a narrow plain along the shore, and, 
except where cleared for cultivation, it is covered with forests of 
Cocoa-nut, palms, bananas, bread-fruit, and other productions of a 
tropical climate. The lagoon, which encompasses it like an enor- 
mous moat, is 30 fathqjns deep, and is hemmed in from the ocean 
by a coral b&nd of th6 usual kind, at a distance varying from half a 
mile to three miles. 

Barrier-reefs are of precisely the same structure as the two pre- 
ceding classes, from which they only differ in their position with 
Tegard to the land. A barrier-reef off the north-east coast of the 
continent of Austygjir. is the .grandest coml formation existing. 
Rising at once frcjpi an unfathomable ocean, it extends 1000 miles 
along the coast, with a breadth varying from 200 yards to a mile, 
and at an ‘average distance of from 20 to 30 miles from the shore, 
increasing in spme places to 60 and even 70 miles. The great arm 
of the sea included between it and the land is nowhere less than 10, 
occasionally 60 fathoms deep, and is safely navigable throughout its 
whole length, with a few transverse openings by which ships can 
enter. The reef is really 1200 miles long, becaus$it stretches nearly, 
across Torres Strait. It is interrupted off the southern coast of 
New Guinea by muddy water, which destroys the coral animals, 
probably from some great river on that island. There are also 
extensive barrier-reefs on the islands of la Louisiade and New Cale- 
donia, whicha are exactly opposite to the great Australian reef; and 
as atolls stud that part of the Pacific which lies between them, it is 
called the Coralline Sea. The rolling of the billows along the great 
Australian reef has been admirably described. “ The long ocean- 
swell, being suddenly impeded by this barrier, lifted itself in one 
great continuous ridge of deep blue water, which, curling over, fell 
on the edge of the reef in an unbroken cataract of dazzling white 
foam. Each line of breaker ran often one or two miles in length 
with not a perceptible gap in its continuity. There was a simple 
grandeur and display of power and beauty in this scene that rose 
even to sublimity. The unbroken roar of the surf, with its regular 
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pulsation of thunder, as eaoh succeeding swell fell first on the outer 
edge of the reef, was almost deafening, ydt so deep-toned as not to 

interfere with tnfe slightest nearer and sharper sound Both 

the soimd and sight were such as to impress the spectator with the 
consciousness of standing m the presence of an overwhelming 
majesty and power.” 1 

Coral-reefs are distinct from all the foregoing : they are merely 
fringes of coial along the margin of a shore, and, as they line the 
shore ltfcelf, they have no lagoons. A vast extent of coast, both oi^ 
the continents and islands, is fringed by these reefs, and, as they 
frequently sunound shoals, they are very dangerous. 

Lagoon islands are the work of vanous species of coral animals ; 
but those particular zoophytes which build the external wall, the 1 
foundation and support ot the whole ring or reef, are most vigorous 
when most exposed to the breakers , they carnet exist at a greatei 
depth than 25 oi 30 fathoms at most, and the* immediately when 
left dry , yet the coral wall descends precipitously to unfathomable 
depths , and although the whole of it is not the woik of these ani- 
mals, yet the perpendicular thickness of the coral is known to be 
very great, extending hundreds of feet below the depth at which 
these polypi cease to live. From an extensive touqjgy of the Coral- 
line Seas of the tropics, Mr. Darwin has found ai\ explanation of 
these singular phenomena m tke instability of the crust hr the 
earth 

Since there are certain pi oofs that large areas of the dry land are 
gradually rising,, and others sinking down, so the bottom of the 
ocean is not exempt fiom the general change that is slowly bringing 
about a new state of things , and as there is evidence, on multitudes 
of the volcanic islands m the Pacific, of a nsenn certain parts of the 
basis of the ocean, so the lagoon islands indicate a subsidence m 
others— changes arising fiom the* expansion and contraction of the 
stiata under the bed of the ocean 

Ihcie are strong reasons for believing that a continent once occu- 
pied a great part of the Pacific,* within the tropics, some«poi tion of 
which subsided by slow and imperceptible degrees. As parts of it 
gradually sank down below the surface of the deep, the tops of 
mountains and table-lands would remain as islands of dfffeient mag- 
nitude and elevation, and would foim archipelagos elongated m the 
dncction of the mountain-chains. Now, the coral animals, which 
construct the outward wall and mass of the reefs, never build 
laterally, and cannot exist at a greater depth than 25 to 30 fathoms 
Hence, if they began to lay the foundation of a reef on the submerged 


'•By Mr Jukes, Naturalist to the Surveying Vo\age of Captain Blackwood, 
R N , m T oi res Strait 
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flanks of an island, they would he obliged to build the wall upwards 
in proportion as the island sank down, so that at length a lagoon 
would be formed between it and the land. As theaubsidence con- 
tinued, the lagoon would increase, the island would diminish, and 
the base of the ooral-reef would sink deeper and deeper, while the 
animals would always keep its top just below the surface of the 
ocean, till at length the island would entirely disappear, and a 
perfect atoll would be left. If the island were mountainous, each 
peak would form a separate island in the lagoon, and the encircled 
islands would have different forms, which the reefs would follow 
continuously. This theory explains perfectly the appearances of 
the lagoon islands and barrier-reefs, the continuity of the reef, the 
islands in the middle of the lagoons, the different distances of the 
reefs from them, and the forms of the archipelago, so exactly similar 
to the archipelagos of prdinary islands, all of which are but tbe tops 
of submerged mounfairP-ohains, and generally partake of their elon- 
gated forms. 1 

Every intermediate form between an atoll and an encircling reef 
exists : New Caledonia is a link between them. A reef runs along 
the north-we&tem coast of that island 400 miles, and for many 
leagues never apjjjsfcjhes within 8 «miles of its shore, and the dis- 
tance increases fo 16 miles near the southern extremity. At the 
otbei* ehd the reefs are continued on each side 150 miles beyond the 
submarine prolongation of the land, marking the former extetifc <Sf 
the island. In the lagoon of Keeling Atoll, situate in the XdSjhft 
Ocean, 600 miles south of Sumatra, many fallen trees pnd Mutid 
store-house show that it has subsided : these movements tog||p&Ca 
during tbe earthquakes at Sumatra, which are also felt in this atoll. 
Violent earthquakes have lately been felt at Vanikoio (celebrated 
for tbe wreck of La Pdrouse), a lofty island of the Queen Charlotte 
group, with an encircling reef i» the western part of the South 
Pacific, and on which there are marks of recent subsidence. Other 
proofs are not wanting of this great movement in the beds of tbe 
Pacific andelndian Oceans. * 

The extent of the atoll formations, including under this name the 

• 

1 Another tBeory relative to the formation of the lagoon islands is that the 
coral circuit is but the edge of a submarine elevation crater, on which the coral 
animals have raised their edifice. This view, which has been adopted by Von 
Buch and Captain Beechey, to whom we are indebted more than to any other 
navigator for positive information and admirable surveys of the coral islands 
in the Pacific, receives corroboration from the perfect conformity in shape be- 
tween many of the lagoon islands of the Gambler group and the known ele- 
vation craters, and from the circumstance of a lagoon island having been seen to 
rise in 1825, in lat. 30° 14*, accompanied with smoke, and communicating so 
high a temperature to the surmmdiog sea as rendered it impossible to lahd. 
See Beechey** Voyages and Poeppig*a Reise. 
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encircling reefs, is enormous. In the Pacific, from the southern 
end of Low* Archipelago to the northern extremity of Marshall 
Archipelago, a ^distance of 4500 miles, and many degrees of lati- 
tude in breadth, atolls alone*rise above the ocean. The same 
may he said of the space in the Indian Ocean between Soya de 
Malha and the end of the Laccadives, which includes 25° of latitude 
—-such are the enormous areas that have been, and probably still 
are, slowly subsiding. Other spaces of great extent may also be 
mentioned, as the large archipelago of the Carolinas, that in the 
Coralline Sea off the north-west coast of Australia, and an extensive 
one in the China Sea. 

Though the volcanic islands in the Pacific are so numerous, there 
is not one within the areas mentioned, and there is not an active 
volcano within several hundred miles of an archipelago, or even 
group of atolls. This is the more interesting) as recent shells and 
fringes of dead coral, found at the various heights on thhir surfaces, 
show that the volcanic islands have been rising more and more 
abo^e the surface of the ocean for a very long time. • 

The volcanic islands also occupy particular zones in the Pacific, 
and it is found from extensive observation that all the points of 
eruption fall on the areas of elevation. 1 v. 

One of the most terribly active of these zone^ begins with the # 
Banda group of islands, and extends through the Sunda grdup of 
Timor, Sumbawa, Bali, Java, and Sumatra, separator only by 
narrow channels, and altogether forming a gently curved line 2000 
miles long; but; as the volcanic zone is continued through Barren 
Island and Narcondam in the Bay of Bengal, northward through the 
islands along the coast of Aracan, the entire length of this volcanic 
range is a great deal more. During the last hundred years all the 
islands and rocks for 100 miles along the coast of Aracan have been 
gradually rising. The greatest elevation of 22 feet has taken place 
about the centre of the line of upheaval, in the north-west end of 
the island of Cheduba, containing two mud volcanoes, and is con- 
tinued through Foul Island anclthe Terribles * 

The little island of Gounong-Api, belonging to the Banda group, 
contains a volcano of great activity ; and such is thef elevating 
pressure of the submarine fire in that part of the oceafi, that a mass 
of black basalt of such magnitude as to fill a bay 60 fathoms deep 
rose up so quietly that the inhabitants were not aware of what was 
going on till it was nearly done. Timor and the other adjacent 
islands also bear marks of recent elevation. 

1 Few books have more interest than Mr. Darwin's on Coral Beefs and 
Volcanic Islands, to which the author is much indebted. Consult also the late 
Admiral Beechey’s Voyages, and his charts of the Coral Islands in the Pacific* 

* By the Nautical Survey in 1848. 
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There is not a spot of its size on the face of the earth that contains 
so many volcanoes as the island of Java. 1 A range of volcanic moun- 
tains, from 6000 to 14,000 feet high, forms the central crest of the 
island, and ends to the east in a series of 38 separate volcanoes with 
broad bases, rising gradually into cones. They all stand on a plain 
but little elevated above the sea, and each individual mountain seems 
to have been formed independently of the rest. Most of them are of 
great antiquity, and are covered with thick vegetation. Some are 
extinct, or only emit smoke ; from others sulphureous vapours issue 
with prodigious violence; one has a large crater filled with boiling 
water ; and a few have had fierce eruptions of late years. The 
island is covered with volcanic spurs from the main ridge, united by 
cross chains, together with other chains of less magnitude, but not 
less active. r 

In 1772 the greatei part of one of the largest volcanic mountains 
was swallowed up after ft short but severe combustion ; a luminous 
cloud enveloped the mountain on the 11th of August, and soon after 
the Luge mass actually disappeared under the earth with tremendous 
noise, carrying with it about 90 square miles of the surrounding 
country, 40 villages, and 2957 of their inhabitants. 

The northern joa^af Jaya is flat‘and swampy, but the southern 
.provinces are beautiful and romantic ; yet in the lovely peaceful 
valleys fhe stillness of night is disturbed by the ‘deep roaring of the 
volcanoes,' ‘ihany of which are perpetually burning with slow but 
terrific action. 

Separated by narrow channels of the sea, Bali and Sumbawa arc 
but a continuation of Java, the same in nature and structure, but on 
a smaller scale, their mountains being little more than 8000 feet 
high. 1 

The intensity of the volcanic force under this part of the*Pacific 
may be imagined from the eruption of Tomboro in Sumbawa in 1815, 
which continued from the 5th of April till July. The explosions 
were heard at the distance of 970 miles ; and in Java, at the distance 
of SOO^milet, the darkness during the day was like that of deep 
midnight, from the quantity of ashes that filled the air : thtfy were 
carried to Bencoolen, a distance of 1100 miles, which, with regard 
to distance, is as if the ashes of Vesuvius bad fallen atBirmingaftm/ 
The country round was u ruined, agd the town of Tomboro w^ sub- 
merged by heavy rollers from the ocean. 

In Sumatra the extensive granitic formations of Eastern Ada* 
join the volcanic series which occupies so large a portion of jK$ 
Pacific. This most beautiful of islands presents the bqldest as$ftt ; 
it is indented by arms of the most transparent sea and watered by 


1 Sir Stamford Raffles on Java. 
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innumerable streams; it displays in its vegetation * all the bright 
colouring of the tropics* Here the submarine fire finds vent in three 
volcanoes on the southern, and one on the northern side of the island. 
A few atolls, many hundreds o£ miles to the south, show that this 
volcanic zone alternates with an area of subsidence. , 

More to the north, and nearly parallel to the preceding zone, 
another line of volcanic islands begins to the north of New Guinea 
and passes through New Britain, New Ireland, Solomon Islands, and 
the New Hebrides, containing many open vents. This range or area 
of elevation separates the Coralline Sea from the great chain of atolls 
on the north between Ellice group and the Caroline Islands, so 
that it lies between two areas of subsidence. 

The third and greatest of all the zones of volcanic islands includes 
Gilolo, one of the Molucca group, which is bristled wjth volcanic 
cones ; and from thence it may be traced northwards through the 
Philippine Islands and Formosa : bending theftco to thb north-east, 
it passes through Loo-Choo, the Japan Archipelago, and is con- 
tinued by the Kurile Islands to the peninsula of Kamtchatka, inhere 
there are several volcanoes of great elevation. 

The Philippine Islands and Formosa form the volcanic separation 
between the atoll region in the China Sea and that of the Caroline 
and Pellew groups. 

There are 3ix islands east of Jephoon in the Japan Archipelago 
which are subject to eruptions, and the internal fire breads through 
the Kurile Islands in 18 vents, besides having raised two new islands 
in the beginning of this century, one 4 miles round and the other 
3000 feet high, though the sea there is so deep that the bottom has 
not been reached with a line 200 fathoms long. 

Thus some long rent in the earth had extended from the tropics to 
the gelid seas of Okhotsk, probably connected with the peninsula of 
Kamtchatka : a new one begins to the east of the latter in the 
Aleutian Islands, which are of the most barren and desolate aspect, 
perpetually beaten by the surge of a restless ocean, ftnd bristled by 
the cones of 24 volcanoes ; they sweep in a half-moon rpund J3ehring 
Sea till they join the volcanic peninsula of Russian America. 

The line of volcanic agency has been followed far beyond the limits 
of the coral-working animals, which extend but a shbrt way on each 
side of the tropics ; but it has been shown that in the equatorial 
regions immense areas of elevation alternate with as great areas of 
subsidence : north of Australia they are so mixed that it indicates 
a point of convergence. 1 

On the other side of the Pacific the whole chain of the Andes, and 
the adjacent islands of Juan Fernandez and the Galapagos, form a 
vast volcanic area, which is actually now rising ; and though there 
1 Dai win on Volcanic Islands. 
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are fewvolcanic islands north of the zone of atolls, yet those that be 
indicate great internal activity, especially in the Sandwich Islands, 
where the volcanoes of Hawaii or Owhyhee are inferior to none in 
awful sublimity. That of Kirawah or Kiluea (3970 feet above the 
sea), a lateral crater of eruption of the great central volcano of 
Mouna Loa, was seen in high activity by Mr. Douglas in 1834, 
subsequently by Mr. Dana, and more recently by Mr. Sawkins. It 
is a crater more than three miles in diameter, formed of solidified 
lava. It was 990 feet deep in 1851 ; the bottom filled by a lake 
of liquid lava, in furious ebullition, occasionally spouting to the 
height of from 20 to 70 feet, whence streams of lava, hurrying along 
in fiery waves, were finally precipitated down an ignited arch, where 
the force of the lava was partly arrested by the escape of gases, which 
threw hack .huge blocks and literally spun them int6 threads of 
glass, which were earned by the wind like the refuse of a flax-mill. 
Mr. Douglas 'says the* noise could hardly be described — that of all 
the steam-engines in the world would be a whisper to it ; and the 
heat was so overpowering and the dryness of the air so intense, that 
the very eyelids felt scorched and dried up. 1 

There are great volcanic mountains in Hawai : Rohala, 9800 feet— 
Muna Kea, 13,842 — Pualalai, 11,02(9 — and Muna Loa, 13,651— 
above the sea. 

* At theiead of the Red Sea, between the 12th land 16th of north 
latitude, th&te is a volcanic region covering an area of 10,000 square 
miles without interruption, which is perhaps the third or fourth in 
extent on the surface of the earth. The Gebel-Tear is.still smoking, 
and one of the Zugar Islands was in irruption in 1846. The volcano 
of Aden has been submerged and elevated agai^ since the last 
period of its activity.* * 

It may be observed that, where there are coral fringes, the land 
is either rising or stationary ; for, were it subsiding, lagoons would 
be formed. On the contrary, there are many fringing reefs on the 
shores of volcariio islands along the coasts of the Red Sea, the Per* 
sian Gu]f, and the West Indian Islands, all of which are rising. 
Indeed this occurrence, in numberless instances, coincides with the 
existence of upraised organic remains on the land. 

As the only c6ral formations in the Atlantic are fringing reefs, and 
as there is not one in its central expanse, except in Bermuda, it may 
be concluded that the bed* of the; ocean is not sinking ; and with the 
exception of the Leeward Islands, the Canaries, the Azores, and the 
Cape de Verd groups, there are no active volcanoes in the islands or 
on the coasts of that ocean. 

1 Mr. Douglas’s Voyage to the Sandwich Islands in 1833-4 . — Journal of the 
Hoyal Geographical Society of Zondon, 1855. - 

f Dr. Buist, 
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At present the great continent has few centres of volcanic action 
ip comparison with what it once had. The Mediterranean is still 
undermined by fire* which occasionally finds vent in Vesuviifir and 
the stately cone Of Etna. Though Stromboli constantly pours forth 
inexhaustible showers of incandescent matter, and a temporary 
island now and then starts up from the sea, the volcanic action has 
diminished, and Italy has become comparatively more tranquil. 

' The table-land of Western Asia, especially Azerbijan, bad once 
been the seat of intense commotion, now spent, as evidenced by the 
volcanic peaks of the Seiban Dagh, Ararat, and by the still smoking 
cone of Demavend. The table-land of Eastern Asia furnishes the 
solitary instance of igneous explosion at a distance of 1500 miles 
from the sea, in the voloanic chain of the Thian-Shan, which the 
drawings of Mr. Atkinson show to be one of the wildest* most rugged 
aud sterile chains of mountains on the tablerland, and that all the 
mountains of Mangolia are of the same character. • 

Besides the* two active volcanoes of the Pe-shan and Ho-tcheon in 
the chain itself, at the distance of 670 miles from each other, jvith a 
solfatara between them, it is the centre of a most extensive volcanic 
district^extending northward to the Altai Mountains, in which there 
axe many points of connexionjbetw^en the inferior of the earth and 
the atmosphere, not by volcanoes, but by solfataBk, hot springs, and 
vapours. In the range of Tai^atabai, in the country of the Kirghiz, 
there is a mount said to emit smoke and even flame, which produces 
sulphur and sal-ammoniac in abundance. The group of hot springs 
near the salt, lake Kiook-Kiul and the valley of the Nubra, disco- 
vered by the brothers Schlagintweit, in 1856, during a journey from 
Ladak to Khotyn across the Kara-Korum chain, shows that the vol- 
cnaic action still exists to the south of *the Thian-Shan, and that 
Kara-Korum is probably a volcanic formation, as was suspected by 
Humboldt. These gentlemen are the first Europeans who have 
crossed that mighty chain of Central Asia, which is so lofty that 
some of the peaks they measured were 24,000 feet high. It is not 
ascertained that there are any mountains in China that eject lava, 
but there are many fire-hills and fire-springs ; the latter are real 
Artesian wells, 5 or 6 inches wide and from 1500 to 3000 feet deep : 
from some of these water rises containing a great Quantity of com- 
mon salt; from others gases issue : and when a flame is applied, fire 
pushes out with great violence, rising 20 of 30 feet High, with a noise 
like thunder* The gas, conducted in tubes of bamboo cane, is used 
in the evaporation of salt water from the neighbouring springs. 

There are altogether about 270 active volcanoes, of which 190 are 
on the shores and islands of the Pacific. They are generally disposed 
in lines or groups. The chain of the Andes furnishes a magnificent 
example of linear volcanoes. Thepeak of Teneriffe, encompassed by 
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the volcanic islands of Palma and Lancerote, is an equally good 
specimen of a central group. Eruptions are much more frequent in 
low tian in the more elevated volcanoes; that in the island of 
Stromboli is in constant activity; whereas Cotopaxi, 18,875 feet 
high, and Tungaragua, 16,424, in the Andes, have only been active 
once in a hundred years. On account of the force requisite to raise 
lava to such great elevations, it rarely flows from very elevated 
cones. Antisana is the only instance to the contrary among all the 
lofty volcanoes of Equatorial America. In Etna, as in the volcano 
of Hawai, also the pressure is so great that the lava forces its way 
through the sides of tho mountain, or at the base of the cone, lhe 
same generally happens in Vesuvius, the great lava eruptions being 
chiefly from the base of the cone. 

An explosion begins by a dense volume of smoke issuing from the 
crater, mixed with aqqpous vapour and gases ; then masses of rock 
and molten matter in a If^Lf-fluid state are ejected with tremendous 
explosion and violence ; after which lava begins to flow, and the 
whole terminates by a shower of ashes from the crater — often the 
most formidable part of the phenomenon, as was experienced at the 
destruction of Pompeii. There are several volcanoes which eject only 
streams of boiling water, as the^ Volcano de Agua in Guatemala; 
others pour forth boiling mud, as in the islands of Trinidad, Java, 
add Chcduba in the Bay of Bengal. , A more feeble effort of the 
volcanic force appears in the numerous solfataras. Hot springs show 
that the volcanic fire is not extinguished, though not otherwise appq| 
rent. To these may be added the emanations of boracic acid, in a 
gazeous form, acidulous springs, those of naphtha, mtroleum, and 
various kinds of gas, as carbonic acid, the food of plaqp— and, when 
breathed, the destruction^ of animals, as is fearfully seen in the 
Guero Upas, or “Valley of Death,” in Java: it is half a mile in 
circumference and about 35 feet deep, with a few largo stones and; 
not a vestige of vegetation on the bottom, which is covered with the 
skeletons of human beings and the bones of animals and birds 
blanched white as ivory. On approaching the edge of the valley, 
which is situate on the top of a hill, a nauseous sickening sensation 
is felt, and nothing that has life can enter its precincts without 
being immediately suffocated. 1 

The seat of activity has been perpetually changing, but there 
always has been- volcanic* action, possibly more intense in formed 
times ; but even at present it extends from pole to pole. 

Notwithstanding the numerous volcanic vents in the globe, many 
places are subject to violent earthquakes, which destroy the works of 

1 Lettef from Alex. Loudon, Esq., in the 1 Journal of the Geographical 
Society of London/ 



Chap. XIII, EARTHQUAKES. 161 

man and often change the configuration of the country. Tfye most ex- 
tensive district of earthquakes comprises the Mediterranean land the 
adjacent countries, Asia Minor, the Caspian Sea, Caucasus, and the 
Persian mountains. It joins a vast volcanic district in Central Asia, 
whose chief focus seems to be the Thian-Shan, which includes Lake 
Baikal and the neighbouring regions. A great part of the continent 
of Asia is more or less subject to shocks; but, with the exception of 
the shores of the Bed Sea and the northern parts of Barbary, Africa 
is entirely free from these tremendous scourges ; and it is singular 
that, notwithstanding the terrible earthquakes which shake the 
countries west of the Andes, the Andean chain itself, and all the 
countries round the Gulf of Mexico and the Caribbean Sea, they are 
extremely rare in the great eastern plains of South America. For 
the most part the shocks are transmitted in the line of the primary 
mountain-chains, and seem often to be limited by them in thtf other 
direction. 

There must be some singular volcanic action underneath part of 
Great Britain, which has occasioned 255 slight shocks of earthquake, 
of which 139 took place in Scotland : the most violent of them have 
been felt at Comrie, in Perthshire, in 1839 ; of the rest 14 took 
place on the borders of Yorkshire and Derbyshire, 30 in Wales, and 
31 on the south coast, of England : they were preceded by a sudden 
fall of the barometer, fogs, and unusual sultriness; the two latter, 
phenomena are said'to indicate these convulsions about SienS. and in 
Western Tuscany, where they have of late years been* attended 
with very disastrous effects. 

Earthquakes *are probably produced by fractures and sudden 
Leavings and subsidences in the elastic crust of the globe, from the . 
pressure of the liquid matter, vapour, and gases in its interior, which * 
there find vent, relievo th^ tension which thJfe strata acquire during j 
their slow refrigeration, and restore equilibrium. But whether 
the initial impulse be eruptive, t)r a sudden pressure upwards, the 
shock originating in that point is propagated through the elastic 
surface of the earth in a series of circular or oval undulations, 
similar to those produced by dropping a stone into a pool, and like 
them they become broader and lower as the distance increases, till 
they gradually subside ; in this manner the shock travels through 
the land, becoming weaker and weaker till it terminates. When 
the impulse begins in the interior of a continent^ the elastic wave 
is propagated through the solid crust of the earth, as sound is 
through the air, and is transmitted from the former to the ocean, 
where it is finally spent and lost, or, if very powerful, is continued 
in the opposite land. Many of the great earthquakes, however, 
have their origin beneath the bed of the ocean, far from land, whence 
the shocks extend in undulations to the surrounding shores. 
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No ctou&t many of small intensity are imperceptible s it is only 
the violent efforts of the internal forces that can overcome the 
r pressure of the ocean’s bed, and that of the superincumbent ►water. 
The internal pressure is supppsed to find relief most readily in a 
belt of great breadth that surrounds the land at a considerable dis- 
tance from the coast, and, being formed of debris, the internal 
temperature is in a perpetual state of fluctuation, which would 
seem to give rise to sudden flexures and submarine eruptions. 

When the original impulse is a fracture or eruption of lava in 
the bed of the deep ocean, two kinds of waves or undulations are 
produced and propagated simultaneously — one through the bed of 
the ocean, which is the true earthquake shock, and coincident with 
this a wave is formed and propagated on the surface of the ocean, 
which rolls to the shore, and reaches it in time to complete the 
destructioif long after the shock or wave through the solid ocean- 
bed has arrived and 'spent itself on the land. The sea rose 50 feet 
at Lisbon and 60 at Cadiz after the great earthquake ; it rose and 
fell 18 limes at Tangier on the coast of Africa, and 15 times at 
Funchal in Madeira. At Kinsale a body of water rushed into the 
harbour, and the water in Loch Lomond in Scotland rose two feet 
four inches— so extensive was the oceanic wave. 1 The height to 
which the surface of the ground is** elevated, or the vertical height 
•of th# sjiock- wav e, varies from one inch to two.or three feet. This 
earth-wayg, on passing under deep water, is imperceptible, bpt 
when it comes to soundings it carries with it to the land a long, 
flat, aqueous wave ; on arriving at the beach, the water drops Jb 
arrear from the superior velocity of the shock, so that at thateit^* 
ment the sea seCms to recede before the great ocean-wave arriwk 

It is the small forced wave that gives the shock, to shipsJ^Mpot 
the great one ; but when ships are struck in very deep water, 
centre of disturbance is either immediately und® or very nearly 
under, the vessel. 

Three other series of undulations are formed simultaneously witlr 
the preceding, by which the sound of the explosion is conveyed 
through the earth, the ocean, and the air, with different velocities. 
That thrqugh the earth travels at the rate of from 7000 to 10,000 
feet in a seepnd in hard rock, somewhat less in looser materials, 
and arrives at the coast a short time before, or at the same moment 
with, the shock, and produces the hollow sounds that are the har- 
bingers of ruin ; then follows a continuous succession of sounds, like 
the rolling of distant thunder, forced first, by the noise propagated 
in undulations through the water of the sea, which travels afethe 

1 ifatcbell on the Ceases of Earthquakes, in Philosophical Transactions for 
1760. 
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rate of 4700 feet In a second, and, lastly, by that passing through 
the air, which only takes place when the origin of the earthquake 
is a submarine explosion, and travels with a velocity of 1123 feet in 
a second* The rolling sounds precede the arrival of the great 
oceanic wave on the coasts, and are continued after the terrific 
catastrophe when tl$ eruption is extensive. 1 

When there is a succession of shocks all the phenomena are 
repeated. Sounds sometimes occur when there is no earthquake : 
they were heard on the plains of the Apure, in Venezuela, at the 
mtfrnent the volcano in St. Vincent’s, 700 miles off, discharged & 
stream of lava. The beilowings of Guanaxuato afford a singular 
instance : these subterraneous noises have been heard for a month 
uninterruptedly when there was no earthquake felt on the table- 
land of Mexico, nor in the rich silver-mines 1600 feet below its 
surface. # • 

The velocity of the great oceanic wave varied as the square-root 
of the depth ; it consequently has a rapid progress through deep 
water, and less when it reaches to soundings. That raised dur- 
ing the earthquake at Lisbon travelled to Barbadoes at the fate 
of 7*8 miles, and to Portsmouth at the rate of little more than 
two miles in a minute. The velocity of the shock varies with the 
elasticity of the strata it passes* throhgh. The urdulations of the 
earth are subject to. the same laws as those of light and jsopnd ; ■ 
so, when the shock or earth-^avc passes through strgja of dif- 
ferent elasticity, it will be partly reflected, and a wave will be 
sent back, producing a shock in a contrary direction, and partly 
refracted, or its bourse changed, so that shocks will occur both up- 
wards and downwards, to the right or to the left of the original line 
of transit. Hence most damage is done at the junction of deep 
alluvial plains with the hard strata of the mountains, as in the great 
earthquake in Calabria in the year 1783. 

When the height of the undulations is small, the earthquake 
will he a horizontal motion, which is the least destructive ; when 
the height is great, the central and horizontal motions are com- 
bined, and the effect is terrible. The concussion was Upwards in 
the earthquake which took place at Riobamha in 179J. Baron 
Humboldt mentions that some of the inhabitants jvere thrown 
across a river, several hundred feet in height, on a neighbouring 
mountain* The worst of all is a verticose or twisting motion, 

1 Thus when an earthquake begins under the ocean, it occasions five distinct 
series of waves or undulations, all of whifch are subject to the same laws of 
motion, namely, the earth wave, the water wave, and three other series of 
waves arising from the passage of the sound of the explosion through the 
air, the e|rtp, a&d the water. For the laws of Sound, see Connexion of the 
Physical Sciences, 8th edition. 
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which nothing can resist; it is occasioned by the crossing of 
rwcyvaves of horizontal vibration, which unite at their point of 
intOTsection, and form a rotatory movement. This, and the inter- 
ferences of shocks arriving at the same point from .different origins 
or routes of different length, account for the repose in some places, 
and those extraordinary phenomena that toe* place during the 
earthquake of 1783 in Calabria, where the shock diverged on all 
sides from a centre through a highly elastic base covered with allu- 
vial soil, which was tossed about in every direction. The dynamics 
df earthquakes have been ably discussed by Mr. Mallet in a vefy 
interesting paper in the c Transactions of the Royal Irish Academy.* 

There are few places where the earth is long at rest, for, inde- 
pendently of those secular elevations and subsidences that are in 
progress over such extensive tracts of country, small earthquake 
shocks muSt be much more frequent than we imagine, though im- 
perceptible to our seuseg, and only to be detected by means of instru- 
ments. The shock of an earthquake at Lyons in February, 1822, 
was not generally perceptible at Paris, yet the wave reached and 
passed under that city, and was detected by the swinging of the 
large declination needle at the Observatory, which had previously 
been at rest. 

The undulations of some of Ihe great earthquakes have spread to 
• an epoigmous extent. The earthquake that happened in 1842 in 
Guadaloupe was felt over an ox tent of 3000 miles in length ; and 
that which destroyed Lisbon had its origin in the bed of the 
Atlantic, from whence shocks extended over an area of about 
700,000 square miles, or a twelfth part of the circumference of the 
globe : the West Indian islands, and the lakes in Scotland, Norway, 
and Sweden were agitated by it. In linear distance the effects of 
that earthquake extended through 300 miles, the shocks* were felt 
through a line of 2700 miles, and the vibrations or tremors were 
perceptible in water through 4000 miles. It began without warning, 
and in five minutes the city was a heap of ruins. 

The earthquake of 1783, in Calabria, which completely changed 
the face of the country, only lasted two minutes ; but it was not 
very extensive, yet all the towns and villages for 22 miles round 
the small town of Oppido were ufcterly»iuined. The destruction is 
generally accomplished in a fearfully Short time : the earthquake 
at Caraccas, in March, 1812, consisted of three shocks, which lasted 
three or four seconds, separated by such short intervals that«in 50 
seconds 10,000 people perished* Baron Humboldt’s works are full 
of interesting details on this subject, especially with regard to the 
tremendous convulsions in South America. 

Sometimes a shock has been perceived underground wjiich was 
not felt at the surface, as in the year 1802, in the silver-mind of 
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Marienberg, in the Hartz. In some instances miners have been 
insensible to shocks felt on the surface above, which happened at 
Fahlun, in Sweden, in 1823 — circumstances in both instances 
depending on the elasticity of the strata, the depth of thedmpulses, 
or obstacles that may have changed the course of the terrestrial 
undulation. During earthquakes, dislocations of strata take place, 
the course of rivers is changed, and in some instances they have 
been permanently dried up, rocks are hurled down, masses raised 
up, and the conjuration of the country altered ; but if there be qp 
fracture at the point of original impulse there will be no noise. 

The power of the earthquake in raising and depressing the land 
has long been well known, but the gradual and almost imperceptible 
change of level through immense tracts of the globe is altogether a 
recent discovery ; it has been ascribed to the expansion pf rocks by 
heat, and subsequent contraction by the retreat*of the melted matter 
from below them. It is not at all improbable that there may be 
motions, like tides, ebbing and Bowing in the internal lava, for the 
changes are by no means confined to those enormous elevation* and 
subsidences that appear to be in progress in the basin of the Pacific 
and its coasts, nor to the Andes and the great plain| east of them — 
countries for the most part subject to earthquakes ; they take place 
to a vast extent in regions where these convulsions are unknown. 
There seems to be* an extraordinary flexibility in the crust ftf the* 
globe from the 54th or 55th parallel of north latitude to the Arctic 
Ocean. There is a line crossing Sweden from east to west in tho 
parallel of 56° 3’ N. lat., along which the ground is perfectly stable, 
and has been so for centuries. To tho north of it for 1000 miles, 
between Gottenburg and North Cape, the ground is rising; the 
maximum elevation, which takes place at North Cape, be»ng at the 
rate of five feet in a century, from whence it gradually diminishes 
to three inches in a century a4 Stockholm. South of the line of 
stability, on the contrary, the land is sinking through part of Chris- 
tianstad and Malmo, for the village of Stassten in Scania is now 
380 feet nearer to the Baltic .than it was in the tim^of Linnaeus, 
100 5 ears ago, by whom it was measured. The coast of Denmark 
on the Sound, the island of Saltholm, opposite to Copenhagen, and 
that of Bornholm are rising, the latter at the rate*of a foot in a 1 
century. The coast of Memel on the Baltic has actually risen a 
foot and four inches within the last thirty years, while the coast of 
Pillau has sunk down an inch and a half in the same period. The 
west coast of Denmark, part of the Faroe Islands, and the west 
coast of Greenland, are all being depressed below their former level. 
In Greenland, the encroachment of the sea, in consequence of the 
change of level, has submerged ancient buildings on the low rocky 
islands and oq the main land. The Greenlander never builds near 
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the sea on that account, and the Moravian settlers have had to 
move inland the poles to which they moor their boats. It has been 
in progress for four centuries, and extends through 600 miles from 
Igalito Firth to Disco Bay. 1 2 Mr. Robert Chambers has shown that 
in our own country the land has been for ages on the rise, and that 
the parallel roads in Glen Roy, which have so long afforded matter 
of discussion, are merely margins left by the retreat of the water, as 
the land alternately rose and remained stationary. In the present 
day the elevation is going on in many places, especially on the 
Moray Firth and in the Channel islands. The notice of this curious 
subject of the gradual changes of level in the land has been chiefly 
revived by Sir Charles Lyell, in whose very instructive works on 
geology all the details will be found.* 

1 Captain Graah’s Surrey in 1823-4, and Dr. Pingel, 1830-2. 

2 Lyell’s Principles .ofpeology. See also Mr. Darwin’s observations on 
the same subject, in the Voyage of the Adventure and Beagle ; M. Domeyko’s 
paper 1 Sur les Lignes d'ancien Niveau de l’Oce'an du Sud aux Environs de 
Coqaimbo,’ Annales des Mines, 1848 ; and for an illustration of the whole 
of this chapter, the maps of active volcanoes, of volcanic phenomena, and 
earthquakes, in Keith Johnston's Physical Atlases. 
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CHAPTER XIV. 

i 

Arctic Lands — Greenland — Spitsbergen — Iceland — Its Volcanic Phen# 
mena and Geysers — Jan Mayen Land — New Siberian Islands — Ant- 
arctic Lands — Victoua Continent. " 

The continent of North America seems to have been much shattered 
and broken up by the Polar Ocean into a vast number of fragments 
of great size, all bearing more or less the severe character of Arctic 
lands. It may be that the land is sinking*down or fising up, for 
in either case appearances would be the same, but the climate 
would improve in the first, and would be, if possible, more rigorous 
in the second. Immediately to the north of the continent land of 
great extent lies between the 69° and 75° N. lat. and stretching 
nearly from the 60th to the l£5th« degree of west longitude. On 
tl^ south, this mass of land is separated from # the continent by 
ffcrious narrow strdits, Dolphin and Union and Dease Straits.* The 
Arctic Ocean bounds it on the west ; the straits of Banks, Melville, 
and Barrow, with Lancaster Sound on the north, and its eastern 
limits are Davis Strait and Hudson Bay. It is divided into three 
parts by Prince Regent Inlet and the gulf of Boothia on the one 
hand and by Prince of Wales* Strait on the other. The eastern 
part, known as Cockbum Island, is intersected by various arms of 
the sea, respecting which little is known. The middle part con- 
tains Boothia, Victoria, Wolkston, and Prince Albert Lands. 
Banks Island is the westerly continuation ; its northern coast was 
discovered by Sir Edward Parry, who gave it the name of Banks, 
and Captain M‘Clure, in his voyage from Behring Strait, first dis- 
covered its most southerly point, Prince of Wales* Strait, which 
separates ^t from Prince Albert Land, and afterwards all but circum- 
navigated the island. Besides these three principal parts, Nortn 
Somerset Island, lying immediately south of Barrow Strait, forms 
a northern continuation of Boothia, only separated from it by the 
narrow passage called Bellot Strait. 

North of that long line of narrow seas or straits, already mentioned, 
that stretches from Banks* Island to Baffin Bay, lie Prince 
Patrick, Melville, Byam Martin, Bathurst, and Cornwallis* Islands, 
celebrated in the annals of Arctic discovery as Parry Lands. The 
two last are now known to be the southern continuation of Queen 
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Land, discovered by Captain Penny. Beyond this 1 b the great 
oceanic inlet of Wellington Channel, of late years the object of so 
much arctic research, and forming its eastern side. The great 
island of North Devon lies more to the east, and ends in Baffin 
Bay ; on the north it is divided by Jones Sound from North Lincoln 
and Ellesmere Island, which is unknown, on the west, but it has 
been traced as far as Victoria Head in 78° 28' 21" N. lat. by Captain 
Inglefield, who discovered that it is separated from Greenland by 
Smith Sound, and that the latter is a strait leading from Baffin 
Bay into the Polar Ocean, an important discovery, confirmed after- 
wards by Dr. Kane. 

Greenland, the most extensive of the Arctic lands, begins with 
the lofty promontory of Cape Farewell, the southern extremity of a 
group" of rocky islands, which are separated by a channel five miles 
wide from a table-laij.d of appalling aspect, narrow to the south, 
but increasing in breadth northward to a distance of which only 
1300 miles are known. This table-land is bounded by mountains 
rising from the deep in mural precipices, which terminate in needles 
and pyramids, or in parallel terraces, of alternate snow and bare 
rock, occasionally leaving a narrow shore. The coating of ice is so 
continuous and thick that thj suiface of the table-land may be 
.regarded as one enormous field of ice, which overlaps the rocky 
edges 1 2000 feet high and dips in ic / platforms through the fiords 
between the mountain-peaks into the sea. 

The coasts are beset with rocky islands, and cloven by fiords, 
which in some instances wind like rivers for 100 miles into the 
interior. These deep inlets of the sea, now sparkling in sunshine, 
now shaded in gloom, are hemmed in by walls of rock often #000 
feet high, whose summits are hid in the clouds. They generally 
terminate in glaciers, which are forced on by the pressure of the 
upper ice-plains till they fill the fiord, and even project far into the 
sea like bold headlands, when, undermined by the surge, h ige 
masses of ice fall from them with a crash like thunder, making the 
sea boil, and the commotion often extends to a distance of 1G milcs* w 
While travelling along the west coast of Greenland, Dr. H. Rinks 
counted 23 icy platforms descending from the table-land into the 
fiords, and forcing the ice in many cases far into the sea, especially 
between the 67$ 0 and 73° N. lat. Now the thickness of theplain 
of ice cannot be less than the least diameter of the icebcrg^jwhich 
are its fragments, and as many icebergs are 100 or 150 feet high, 
4000 in circumference, and that two-thirds of their mass are under 
water, Dr. Rinks computes that between the preceding parallels, the 
plain of ice Covering Greenland must bo 1000 feet thick. These 
icy platforms, and probably m$ny others, more to the north, are the 
chief sources of icebergs in Baffin Bay and Davis Strait, which, 
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-carried by currents, are stranded on the Arctic coast, ot are drawn 
into lower latitudes. The ice is *try transparent and compact in 
the Arctic regions 5 its prevailing tints are blue, green, and orange, 
which, contrasted with the dazzlffig whiteness of the snow and the 
gloomy hue of the rocks, produce a striking effect. 

A great fiord in the 68 th parallel of latitude is supposed to extend 
completely across the table-land, dividing the country into south and 
north Greenland, which last extends to an unknown distance towards 
the pole on the east coast, which is altogether inaccessible from the 
frozen sea and iron-bound shore, so that, excepting a very small 
portion of the coast, it is an unexplored region. On the west side, 
however, Dr. Kane reached its northern termination in 82° 22 * N. 
and 65° 35' W. Ions:., where it was washed by the Polar Ocean, so 
that it is unconnected with the polar lands to the west* and ’conse- 
quently a great island. , • % 

In some sheltered spots in south Greenland,’ especially along the 
borders of the fiords, there are meadows where the service-tree bears 
fruit, beech and willow grow by the streams, but not taller than 
a man; still farther north the willow and juniper scarcely rise 
above the surface ; yet this country has a flora peculiar to itself. 
South of the island of Disco on»the west coast, Danish colonies and 
missionaries have formed settlements on some of tfie islands and at. 
the mouths of fiords ; the Esquimaux inhabit the coasts *even to 
the north extremity of Baffin Bay. 

The pelasgic islands in the Arctic Ocean are highly volcanic, with 
the exception qf Spitzbergen. In the island of Spitzbcrgen the 
mountains spring sharp and majestic from the margin of the sea in 
dark gloomy masses, mixed with pure snow and enormous glaciers, 
presenting a sublime spectacle. Seven vajleys filled by glaciers 
ending at the sea form a remarkable object on the east coast. One 
of the largest masses of ice sec» by Captain Scoresby on the island 
was North of Horn Sound: it extended 11 miles along the shore, 
with a sea-face in one part more than 2000 feet high, from which he 
saw a huge fragment hurled into the sea, which it dashed into 
vapour, as it broke into a thousand pieces. The sun is not seen for 
several moqths in the year, and the cold is consequently intense. 
Many have perished in the attempt to winter in this* island, yet a 
colony of Russian hunters and fishermen leag a miserable existent# 
there, within 10 ° of the pole, the most northern inhabited spot 
on the globe. 

Although the direct rays of the sun are powerful in sheltered 
spots within the Arctic Circle, the thermometer does not rise above 
45° of Fahrenheit. July is the only month in which srfow does not 
fall, and in the end of August the sea at night is covered with a 
thin coating of ice, and a summer often passes without one day that 

l 
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can be called warm. The snow-blink, the aurora borealis, the stars, . 
and the moon, which, when in* her northern declination, appears 
above the horizon for ten or twelve days without intermission, furnish 
the principal light the inhabitants enjoy during their long and 
dreary winter. 

Iceland is 200 miles east from Greenland, and lies south of the 
Arctic Circle, which its most northern part touches. Though a 
1 fifth part larger than Ireland, not more than 4000 square miles are 
habitable, all beside being a chaos of volcanoes and ice. 

The peculiar feature of Iceland lies in a trachytic region which 
seems to rest on an ocean of fire. It consists of two vast parallel 
table-lands covered with ice-clad mountains, stretching from N.E. 
to S.W. through. the very centre of the island, separated by a 
longitudinal* valley nearly 100 miles* wide, which reaches from sea to 
sea. These ^ mountain^ assume rounded forms, with long level 
summits or domes Vith sloping declivities, as in the trachytic 
mountains of the Andes and elsewhere ; but such huge masses of 
tufa and conglomerate project from their sides in perpendicular or 
overhanging precipices, separated by deep ravines, that the regularity 
of their structure can only be perceived from a distance ; they conceal 
under a cold and tranquil coating af ice the fiery germs of terrific 
.convulsions, sometimes bursting into dreadful activity, sometimes 
quiescenfc for ages. The most extensive of the 'two parallel ranges 
of Jockulsor Ice Mountains runs along the eastern side of the 
valley, and contains Orafajokel, 6405 feet high, the highest point in 
Iceland, seen like a white cloud from a great distance at sea : the 
western high land passes through the centre of the island. 

Plains of Ice . — Glaciers cover many thousand square miles in 
Iceland, descending from the mountains, and pushing far into the 
low lands. This tendency of the ice to encroach has very materially 
diminished the quantity of habitable ground, and the progress of the 
ice plains is facilitated by the influence of the ocean of subterranean 
fire, which heats the superincumbent ground, and loosens the ice. 

The longitudinal space between the mountainous table-lands is a 
low valley 100 miles wide, extending from sea to sea, where a sub- 
stratum of trachyte is covered with lava, sand, and ashes, studded 
with low volcanic cones. It is a tremendous desert, never approached 
•without dread even by the natives — a scene of perpetual conflict* 
between the antagonist; powers of fire and frost, without a drop of 
water or a blade of grass ; no living creature is to be seen — not a 
bird, nor even an insect. The surface is a confused mass of streams 
of lava rent by crevices ; and rocks piled on rocks, and occasional 
glaciers, complete the scene of desolation. As herds of reindeer 
are seen browsing on the lichens that grow plentifully at its 
edges, it is presumed that some unknown parts may be less barren. 
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The extremities of the valley are more especially the seat of per- 
petual volcanic activity. At the southern end, which opens to the 
sea in a wide plain, there are many volcanoes, of which Hecla is 
most known, from its insulated position, its vicinity to the coast, 
and its terrific eruptions. Between the years 1004 and 1760 
twenty-three violent eruptions have taken place, one of which con- 
tinued six years, spreading devastation over a country once the 
abode of a thriving colony, now covered with lava, scoria, an<i 
ashes : in the year 1840 it was in full activity. The eruption of 
the Skaptar Jokul, which broke out on the 8th of May, 1783, and 
continued till August, is one of the most dreadful recorded. * The 
volcanic fire must have been in fearful commotion under Europe, 
for a tremendous earthquake ruined a wide extent of Calabria that 
year, and a submarine volcano had been burning fiercely for many 
weeks in the ocean, 30 miles from the south-west cape of 'Iceland. 
Its fires suddenly ceased, the island was shaken by earthquakes, 
when, at the distance of 150 miles, they burst forth with almost 
unexampled fury in Skaptar. The sun was hid many months by 
dense masses of vapour, which extended to England and Holland, 
and clouds of ashes were carrie^ many "hundreds of miles to sea. 
The quantity of matter thrown ^sut* in this eruption was computed 
at fifty or sixty thousand millions of cubic yards. ?The lava«flcfwed 
in a stream in some places from 20 to 30 miles broad, and of 
enormous thickness, which filled the beds of rivers, £>oured into the 
sea nearly 50 miles from the place of its eruption, and destroyed 
the fishing on tlfe coast. Some rivers were heated to ebullition, 
others dried up ; the condensed vapour fell in snow and torrents of 
rain ; the country was laid waste ; famine anj disease ensued ; and 
in the course of the two succeeding years 1300 people and 150,000 
sheep and horses perished. Thc # scene of horror was closed by a 
dreadful earthquake. Previous to the explosion an ominous mild- 
ness of temperature indicated the approach of the volcanic fire 
towards the surface of the earth ; similar warnings # had been 
observed before in the eruptions of Hecla. 

A semicircle of volcanic mountains on the eastern side o&the lake 
Myvatr is the focus of the igneous phenomena at the northern end 
of the great central valley. Leirhnukr and Krabla, on the N.E. 
of the lake, have been equally formidable. After years of quiescence 
they suddenly burst into violent eruption, and poured such a quan- 
tity of lava into the lake Myvatr, which is 20 miles in circum- 
ference, that the water boiled many days. There are other volcanoes 
in this district no less formidable. Various caldrons of boiling 
mineral pitch, the shattered craters of ancient volcanoes, occur at 
the base of this semicircle of mountains, and also on the flanks of 
Mount Krabla: these caldrons throw up jets of the dark matter, 
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enveloped in clouds of steam, at regular intervals, with loud explo- 
sion. That which issues from the crater* of Krabla must, by Mr. 
Henderson’s description, be one of the most terrific objects in nature. 

The eruptive boiling springs of Iceland are perhaps the most 
extraordinary phenomena in this singular country. All the great 
aqueous eruptions occur in the trachytic formation ; they are cha- 
racterised by their high temperature, by holding siliceous matter in 
solution, which they deposit in the form of siliceous sinter, and by 
flie discharge of sulphuretted hydrogen gas. Numerous instances 
of spputing springs occur at the extremities of the great central 
valley, especially at its southern end, where more than fifty have 
been counted in the space of a few acres — some constant, others 
periodical — some merely agitated, or stagnant. The Great Geyser 
and Strok}, 35 mil^s north-west from Hecla, are the most magni- 
ficent ; at irregular, intervals they project large columns of boiling 
water 100 feet high, enveloped in clouds of steam, with a tremendous 
noise. The tube of the Great Geyser whence the jet issues is about 
10 feet in diameter and 75 feet deep ; it opens into the centre of 
a basin 4 feet deep and between 46 and 50 feet in diameter : as soon 
as the basin is filled by the boiling water that rises through the 
tube, explosions are heard, thd ground trembles, the water is thrown 
to the height of 100 of 150 feet, followed by large volumes of steam. 
No further explosion takes place till the empty basin and tube are 
again replenished. 

MM. Besdoiseaux and Bunsen, who visited Iceland in 1846, 
found the temperature of the Great Geyser, at the depth of 72 feet, 
before a great eruption, to be 260^° of Fahrenheit, and after the 
eruption 251i° ; an interval of 28 hours passed without any erup- 
tion. The Strokr (from stroka, to agitate), 140 yards- from the 
Great Geyser, is a circular well, a little more than 44 feet deep, 
with an orifice. of 8 feet, which diminishes to little more than 10 
inches at a depth of 27 feet. The surface of the water is in constant 
ebullition, while at the bottom the temperature exceeds that of 
boiling water by about 24°. By the experiments of M. Donny of 
Ghent, water long boiled becomes more and more free from air, 
by which thp cohesion of the particles is so much increased that 
when it is exposed to a heat sufficient to overcome the force of 
cohesion, the induction of steam is so instantaneous and so con- 
siderable as to cause explosion. To this cause he ascribes the erup- 
tions of the Geysers, which are in constant ebullition for many 
hours, and become so purified from air, that the strong heat at the 
bottom at last overcomes the cohesion of the particles, and an explo- 
sion takes place. The boiling spring of Tunquhaer, in the valley of 
Reikholt, is remarkable from having two jets, which t>lay alternately 
for about four minutes each. Some springs emit gas only, or gas 
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with a small quantity of water. Such fountains are not confined 
to the land or fields of ice ; thfey occur, also in the sea, and many 
issue from the crevices in the lava-bed of Lake Myvatr, and rise in 
jets above the surface of the water. 

A region of the same character with the mountains of the Ice- 
landic desert extends due west from it to the extremity of the long 
narrow promontory of the Snaefell Syssel, ending in the snow-clad 
cone of the Snaefell Jokul, 5115 feet high, one of the most con- 
spicuous mountains in Iceland. 

With the exception of the purely volcanic districts describe*?, 
trap-rocks cover a. great part of Iceland, which have been formed 
by streams of lava at very aucient epochs, occasionally 4000 feet 


The dismal coasts are torn in every direction by fiords, pene- 
trating many miles into the interior, and splitting into endless 
branches. In these fissures the sea is still, dark, and defcp, between 
walls of rock 1000 feet high. The fiords, however, do not here, as 
in Greenland, terminate in glaciers, but are prolonged in narrow 
valleys, through which streams and rivers run to the sea. In these 
valleys the inhabitants have their abode, or in meadows which 
have a transient verdure along some of the fiords, where the sea is 
so deep that ships find safe ancjjbragfi. 

In the valleys on % thc northern coast, hear as they approach to* 
the Arctic Circle, the soil is wdhderfully good, and thgre is more 
vegetation than in any other part of Iceland, with the exception 
of the eastern shore, which is the most favoured portion of this 
desolate land. Rivers abounding in fish are much more frequent 
there than elsewhere ; willows and juniper adorn the valleys, and 
birch-trees, 20 feet high, grow in the vale of Lagerflest, the only 
place which produces them large enough ffir house-building, and 
the verdure is fine on the banks of those streams which are heated 
by volcanic fires. 

The climate of Iceland is much less rigorous than that of Green- 
land, and it would be still milder were not the air chilled by the 
immense fields of ice from the Polar Sea which beset its •shores. 

The inhabitants are supplied with fuel by the Gulf Stream, which 
brings drift-wood in great quantities from Mexico, the Karolinas, 
Virginia, the river St. Lawrence, and some even from the Pacific 
Ocean is supposed to be drifted by currents sound by the northern 
shores of Siberia, Tlie-mean tdhiperature in the south of the island 
is about 39° of Fahrenheit, that of the central districts 36°, and in 
the north it is rarely above the freezing point. The cold is most 
intense when the sky is clear, but that is a rare occurrence, as the 
moist wind from the sea covers mountain and valley with thick 
fog. Hurricanes are frequent and violent ; and although thunder 
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is seldom heard in high latitudes, Iceland is an exception, for Tre- 
mendous thunder-storms are not • uncommon there — a circum- 
stance attributed to the volcanic natuie of that island, as lightning 
accompanies volcanic eruptions everywhere At the northern end 
of the island the sun is always above the horizon in the middle of 
summer, and under it m mid-wmter, yet there is no absolute 
daikness. 

The island of Jan Mayen lies between Iceland and Spitzbcrgen ; 
it is the most northern volcanic countiy known. Its principal 
feature is the volcano of Beerenbeig, 6S70 feet high, whose lofty 
snow-capped cone, apparently inaccessible, has been seen to emit 
file and smoke. It is flanked by enormous glaciers, like frozen 
cataracts, which occupy tlnee hollows in an almost pel pendicular 
cliff, descending from the base of the mountain to the sea 

The group of islands of New Siberia, which lie noith of the 
province of^Yakutsk, .and in about 78° of N. lat., have so rude a 
climate that they liavb no peimanent inhabitants , they aie re- 
markable for the quantity of fossil bones they contain : the elephants* 
tuoko found there have for years been an aiticle of commerce. 

The south polar lands arc equally volcanic, and as deeply 
ice-bound, as those to the north Victona Land, which from ljts 
extent seems to form pait of* continent, was discovered by 
Sir James Ross, ?vho com Aanded the cxpedil ion sent by the British 
government m 1839 to ascertun Vlie position of the south mag- 
netic pole This extensive tract lies south of New Zealand; 
Cape Noith, its most noithern point, is situate m 70° 31' S lat , 
and 165° 28' E. long, lo the west of that cape the noithern coast 
of this land terminates in pcrjiendiculai loe-chfls, from 200 to 
500 feet high, sti etching as far as the eye can reach, with a chain 
of grounded leebeigs ^tending lor miles from their base, all of 
tabular form, and varying in size fiom one to nine or ten miles 
in cucumfeienco A lofty lange of peaked mountains nses m the 
interior at Capo North, co\cred with unbioken snow, only iclieved 
fiom uniform whiteness by shadows produced by the undulations of 
the surface 4 The indentations of the coast aie filled wifjj* ico many 
hundieds of feet thick, which mal es it impossible to land. To the 
east of Cajte North the coast tiends first to S E. by E. and then m 
a southerly direction to 78|° of 8 lat , at which point it suddenly 
bends to the east, and extends m one continuous vertical ice-cliff to 
an unknown distance in that direction. The first view of Victoria 
Land is desenbed as most magnificent. “ On the 11th of Januaiy, 
1841, in about latitude 71° b. and longitude 171° E , the Antarctic 
continent was first seen, the general outline of which at once 
indicated its volcanic cliaiacter, rising steeply from the ocean in a 
stupendous mountam-iange, peak above peak enveloped m perpetual 
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snow, and clustered together in countless groups, resembling a vast 
mass of crystallisation, which, as the .sun’s rays were reflected on it, 
exhibited a scene of such unequalled magnificence and splendour as 
would baffle all power of language to portray, or give tho faintest 
conception of. One very remarkable peak, in shape like a huge 
crystal of quartz, rose to the hdight of 7867 feet, another to 9000, 
and a third to 8444 feet above the level of the sea. From these 
peaks ridges descended to the coast, terminating abruptly in bold 
capes and promontories, whose steep escarpments, affording shelter 
to neither ice nor snow, alone showed the jet black lava or basalt, 
which reposed beneath the mantle of eternal frost.” . ..." On the 
28th, in lat. 77° 31' and long. 167° 1', the burning volcano, Mount 
Erebus, was discovered, enveloped in ice and snow from its*base to 
its summit, .from which a dense column of black smoke towered high 
above the other numerous lofty cones and cr^teriferouA peaks with 
which this extraordinary land is studded frdm. the 72iil to the 78th 
degree of latitude. Its height above the sea is 12,367 feet, and 
Mount Terror, an extinct crater near to it, which has doubtless once 
given vent to fires beneath, attains an altitude little inferior,*being 
10,884 feet in height, and ending in a cape, from which a vast barrier 
of ice extended in an easterly direction, checking all farther prog^ss 
south. This continuous perpfflMWfilar wall of ice, varying in height 
from 200 to 100 fept, its summit presenting an ‘almost unvarying 
level outline, we traced for 3(X? miles, when the pack-ice obstructed 
all farther progress.” 1 

The vertical cliff in question forms a completely solid mas^pf Ice 
about 1000 feef thick, the greater part of which is below the surface 
of the sea ; there is not the smallest appearance of a fissure throughout 
its whole extent, and the intensely blue sky beyond indicated plainly 
the great distance to which the ice-plains reach southward Gigantic 
icicles hang from every projecting point of the icy cliff, showing that 
it sometimes thaws in these fatitudes, although in the month of 
February, which corresponds with August in England, Fahrenheit’s 
thermometer did not rise above 14° at noon. In the North Polar 
Ocean, on the contrary, streafns of water flow from Svery iceberg 
during tho summer. The whole of this country is beyond the pale 
of vegetation; no moss, not even a lichen, covers $he* barren soil 
where everlasting winter Toigns. Parry Mountains, a lofty range, 
stretching south from Mount Terror to the 39 th parallel is the most 
southern land yet discovered. The South Magnetic Pole, one of the 
objects of the expedition, is situate in Victoria Land, in 75° 5' S. lat., 
and 154° 8' E. long., according to Sir James C. Boss’s observations. 

1 Remarks on the Antarctic Continent and Southern Islands, by Robeit 
MacCormick, Esq., Surgeon of H.M.S. Erebus. 
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Various tracts of land have been discovered near the Antarctic 
Circle, and within it, though none in so high a latitude as Victoria 
Land. Whether they form part of one large continent remains to be 
ascertained. Discovery ships sent by the Russian, French, and 
American governments have increased our knowledge of these 
remote regions, and the spirited Adventures of British merchants 
and captains of whalers have contributed quite as much . 1 The 
land within the Antarctic Circle is generally volcanic, at least the 
coast line, which is all that is yet known, and that, being covered 
With snow and ice, is destitute of vegetation. 

1 Capt^n Cook discovered Sandwich Land in 1772-5. — Captain Smith, of 
the brig William, discovered New South Shetland in 1819. — Captain Bil- 
lingshausen discovered Peter Island, and the coast of Alexander the First. — 
Captain Weddel discovered the Southern Orcades. — Captain Bivco discovered 
Enderby Lanfy and Graham land in 1832, Admiral Dumont d’Urville La 
Terre d’Adelidin 1841, and Sir James Ross Victoria Land in the same year. 
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CHAPTER XV. 


Nature and Character of Mineral Veins — Metalliferous Deposits — Mines 

Their Drainage and Ventilation — Their Depth — Diffusion of the Metals 

— Gold — Silver — Lead — British Mines — Quicksilver — Copper — 

Tin — Cornish Mines — Coal — Iron — Most abundant in the Temperate 

Zones, especially in the Northern — European and British Iron and Coal 

— American Iron and Coal — Arsenic and other Metals — Salt — Sulphur 

— Diffusion of the Gems; 

The tumultuous and sudden action of the volcano and the earthquake 
on tho great masses of the earth is in strong contrast with the calm, 
silent operations on the minute atoms of matter by which Nature 
seems to have filled the fissures in the rocks with her precious gifts of - 
metals and minerals, sought for by man from the earliest ages to the 
present day. . Tubal-cain was “^.instructor of every artificer in 
brass and iron.” Gold was anlong the first luxuries, and even in « 
our own country, froln time immemorial, strangers <3hmc from afar 
to carry off the produce of the Cornish mines. 1 

The ancients scarcely were acquainted with a third of the thirty- 
five metals now known, and the metallic bases of the alkalis only 
date from the time of Sir Humphry Davy, having formed a re- 
markable part of his brilliant discoveries. 3 

• 

1 The author owes her information on British mihes to two publications on 
the Mining District of the North of England, by J. Sopwith, Esq., Civil Engi- 
neer, and Sir. Leithart, Mine Agent. Gn the Cornish Mines she has derived 
her information from the writings of John Taylor, Esq., and Sir Charles 
Lemon, Bart.; from a store of valuable materials contained in the ‘Progress 
of the Nation/ by G. R. Porter, Esq.; from the Mineral Stat^tics of the 
United Kingdom, by Robert Hunt, F.R.S., published in the Memoirs of the 
Geological Survey of Great Britain; from the Statistical Journal; and on 
the general distribution of minerals over the globe, from the ‘ Petmy Cyclo- 
paedia/ and various other sources. * 

3 The metals are gold, silver, platinum, copper, lead, tin, iron, zinc, arsenic, 
bismuth, antimony, nickel, quicksilver, manganese, Gadmium, cerium, cobalt, 
iridium, uranium, chrome, lantanium, molybdenum, columbium, osmium, pal- 
ladium, pelapium, tantalum, tellurium, rhodium, titanium, vanadium, tung- 
sten, dydynium, ferbium, erbium. The three last are little known. 

Sir Humphry Davy discovered that lime, magnesia, alumine, and other 
similar substances, are metals combined with oxygen. There* are thirteen of 
these metalloids, namely — calcium, magnesium, aluminium, glucinium, tho- 
rium, yttrium, zirconium, strontium, barium, 0 lithium, sodium, potassium, 
and silicium. The basis of the earth alumine or clay is the metal aluminum, 

I 3 
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Minerals are deposited in veins or fissures of rocks, in masses, in 
beds, and sometimes rolled fragments imbedded in gravel and sand, 
tbe detritus of water. Most of the metals are found in veins ; a few, 
as gold and tin, iron and copper ores, are disseminated through the 
rocks, though rarely. Veins arc cracks or fissures in rocks, seldom 
in a straight tine, yet they maintain a general direction, though in 
a zigzag form, striking downwards at a very high anglo, seldom 
deviating from the perpendicular by so much as forty-five degrees, 
Mid extending to variable depths. When cutting through stratified 
rocks, they are for the most part accompanied by a depression of the 
beds on one side of their course, and by an elevation on the other ; the 
throw, or perpendicular distance between the corresponding strata on 
the opposite sides of a vein, varies from a few inches to thirty, forty, 
even a hundred fathoms. The beginning or pnd of a vein is scarcely 
ever knowiy but, when axplored, they are found to begin abruptly, 
and, after continuing undivided to a greater or less distance, they 
branch into small veins or strings. 

Ir the downward zigzag course, the bending of the strata upwards 
on one side and downwards on the other, and the chemical changes 
almost always observed on the adjacent rocks, veins bear a strong 
analogy to the course and ef^pty of a very powerful electrical 
discharge. 

Veins have «fceen filled with substances foreign to them, which 
have probably been disseminated by sublimation from the interior 
of the earth. Nothing can be more certain than that the minute 
particles of matter are constantly in motion from the action of heat, 
mutual attraction, and electricity. Prismatic crystals of salts of 
zinc are changed in a few seconds into crystals of a totally different 
form by the heat of the sun : casts of shells are found in rocks, from 
which the animal matter has been removed, and its place supplied 
by mineral matter ; and the excavations made in rocks diminish 
sensibly in size in a short time if the rock be soft, and in a longer 
time when it is hard — circumstances which show an intestine 
motion of the particles, not only in their relative positions, but in 
space, which there is every rep son to believe is owing to electricity 
— a power which, if not the sole agent, must at least have co- 
operated essentially in the formation and filling of mineral veins . 1 

which can now be produced with such facility that it will be soon much used 
in household utensils. 

1 This subject is ably discussed by Mr. Leithart in his work, already men- 
tioned, on the formation and Riling of metallic veins. Mr. Leithart is an 
instance of the intelligence that prevails among miners, notwithstanding the 
scanty opportunities of acquiring that knowledge which they are generally so 
eager to obtain. He was a working miner, whose only education was at a 
Sunday-school. There are eminent engineers in England, employed in tbe 
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The magnetism of the earth is presumed to he owing to electncal 
currents circulating through its mass m a dnection at right angles 
to the magnetic meridians. Mr. Fox has shown, fiom observations 
m the Cornish mines, that such currents do flow through all metallic 
veins. Now, as the different substances of which the earth is com- 
posed are m different states of electro-magnetism, and are often' 
mtenupted by non-conducting rocks, the clectnc cuncnts, being 
stopped m their course, act chemically on all the liquids and sub- 
stances they meet with. Hence Mr. Fox has come to the cqp- 
clusion that not only the nature of the deposits musrtiave been 
determined by their relative electncal conditions, but that the 
direction of the metallic veins themselves must have been influenced 
by the dnection of the magnetic meridians ; and, m fact, almost all 
the metallic deposits in the woild are in parallel veins or fissuies 
tending from east to west, 01 from north-east to southwest. Veins 
at nght angles to these are generally noji-metalliferous, and, if 
they do contain metallic ores, they aie of a different kind. In 
some few cases both contain the same ore, but in veiy different 
quantities, and both veins are richer near the point of ciossmg than 
elsewheie. • 

Sir Henry de la Beche conc^ive^ that the continued expansion 
and elevation of an intensely -neated mass from below would occa- 
sion numeious veitical fissures Jthrough the supei incumbent strata^ 
within which some mmcial matteis may have been diawn up by 
sublimation, and otheis deposited in them when held m solu- 
tion by ascending and descending streams of watei ; even on this 
hypothesis the direction of the rents and the deposition of the 
minerals would be influenced by the electncal cui rents. But if 
\ems were filled from below, the richest ^ems would be lowest, 
which is not the case in Cornwall, Mexico, or Peru, wheie they arc 
generally richer near the surface than at gieat depths: this is 
particulaily the casein the mines of the precious metals m America, 

* wheie the greatest quantities of ore have been found near the 
surface — a fact that may ho explained by supposing Jthe mineral 
substances brought by sublimation from the interior of the earth, 
and deposited wheie the temperature was lowest at or near the 
surface m the rocks among which they are situated. • The pnmum 
mobile of the whole probably lies far beyond our globe : we must 
look to the sun’s heat, if not as the sole cauSe of electncal cunents, 
at least as combined with the earth’s rotation m then evolution . 1 

When veins cross one another, the veins traversed aie piesumed 

construction of railways, canals, bridges, and other important works, who 
began their career as working miners. 

1 Rotation alone produces electrical cunents m the earth. — 'Connexion of 
the Physical Sciences,* page 364, 7th edition. 
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to be of prior formation to those traversing, because the latter are 
dislocated and often heaved out of their course at the point of inter- 
section ; and such is the case with the metalliferous veins, which 
are therefore the most recent. Veins are rarely filled in every part 
with ore ; they contain sparry and stony matter, called the matrix, 
‘with here and there irregular masses of the metallic ores, often of 
great size and value. Solitary veins are generally unproductive, 
and veins are richer when near one another. The prevalence and 
righness of mineral veins are intimately connected with the prox- 
imity or junction of dissimilar rocks, where the electro-molecular 
and electro-chemical actions are most energetic. Granite, porphyry, 
and the plutonic rocks are often eminently metalliferous; but 
mineral deposits are also abundant in rocks of sedimentary origin, 
especially in and near situations where these two classes of rocks 
are in contact with one another, or where the metamorphic struc- 
ture has been induced upon the sedimentary. This is remarkably 
the case in Cornwall, the north of England, in the Ural, and most 
of thp great mining districts on the continent of Europe. 

Metalliferous deposits are peculiar to particular rocks ; tin is most 
plentiful in granite and the rocks lying immediately above it ; gold 
in the palaeozoic rocks in the vicinity of porphyritic eruptions; 
copper is deposited in various siatO formations, and in the sand- 
stones of the trias, in certain porphyritic rocks, and in serpentine; 
lead is particularly abundant in the carboniferous limestone system, 
and is rare where there is iron and copper ; iron abounds in the coal 
and oolitic strata, and in a state of oxid and crystallized carbonate in 
the Plutonic and metamorphic rocks ; and silver is found in almost all 
of these formations ; its ores being frequently combined with those 
of other metals, especially of lead and copper. There is such a con- 
nexion between the contents of a vein and the nature of the rock in 
which the fissure is, that, when in the oldest rocks the same vein 
intersects clay-slate and granite, the contents of the parts enclosed in 
one rock differ very much from what is found in the other. It is 
believed that in the strata lying above the coal-measures none ofHhe 
more precious metals have been found in England in such plenty as 
to defray tfye expense of raising them, although such a rule does not 
extend to the continent of Europe or to South America, where copper 
and silver ores abound in the red sandstone of the triassic series. In 
Great Britain no metal; except iron, is raised in any stratum newer 
than the magnesian limestone. Metals exist chiefly in the primary 
and early secondary strata, especially near the junction of granite 
and porphyry with slates ; and it is a fact that’ rich veins of lead, 
copper, tin, &c., abound only in and near the districts which have 
been greatly shaken by subterraneous movements. In other coun- 
tries, as Auvergne and the Pyrenees, the presence of igneous rocks 
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imay have caused mineral veins to appear in more recent strata than 
those which contain them in Great .Britain. 

When a mine is opened, a shaft like a well is generally sunk per- 
pendicularly from the surface of the ground, and from it horizontal 
galleries are dug at different levels according to the airection of the 
metallic veins, and gunpowder is used to blast the rocks when too 
hard for the pickaxe. When mines extend very far in a horizontal 
direction, it becomes necessary to sink more shafts, for ventilation 
as well as for facility in laising the ore. Such is the perfection of 
underground surveying in England, that the work can be carried on 
at the same time from above and below so exactly as to meet ; and 
in order to accelerate the operation, the shaft is worked simultane- 
ously from the different galleries or levels of the mine. In this 
manner a perpendicular shaft was sunk 204 fathoms deep, in the 
Consolidated mines in Cornwall ; it was finished in twelve" months, 
having been worked in fifteen different points at once. *In that mine, 
10 years ago, there were 95 shafts, besides* otl^r perpendicular com- 
munications underground from level to level : the depth of the whole 
of these shafts added together amounted to about 25 miles; the 
galleries and levels extending horizontally about 43 miles, and 2500 
persons were employed in it; yet this is but one of many mines 
now in operation in the mii\i*{^ustrict of Cornwall alone. 1 

The infiltration of the rain and surface-water, together with 
subterranean springs, would? soon inundate a mine and* put a 
stop to the work, were not adequate means employed to remove it. 
The steam-engine is often the only way of accomplishing what in 
many cases frould otherwise be impossible, and the produce of 
mines has been in proportion to the successive improvements in 
that machine. In the Consolidated mines already mentioned there 
are nine steam-engines constantly puiflping out water ; four of 
these, which are the largest ever made, together lift from thirty to 
fifty hogsheads of water per Ininute, from an average depth of 230 
fathoms. The power of the steam-engines in draining the Cornish 
mines is equal to 44,000 horses — one-sixth of a bushel of coals per- 
forming the work of a horsb. The largest engine is between 300 
and 350 liorse-power ; but as horses must rest, and the engine works 
incessantly, it would require 1000 horses to do its wofk. 2 

Mines in high ground are sometimes drained to a certain depth 
by an adit or gallery dug from the bottopi of a shaft in *a sloping 
direction to a neighbouring valley. One of these adits extends 
through the large mining district of Gwennap, in Cornwall ; it begins 

1 J. Taylor, Esq., on Cornish Mines. 

* The total amount of steam-power in Great Biitain in 1833 was equal to 
that of 2,000,000 of men, — J, Taylor, Esq., on Cornish Mines. — It is now 
nearly doubled. 
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m a valley near the sea, and very little above its level, and commu- 
nicates with all the neighbounng mines, which it drains to that 
depth, and with all its ramifications is 30 miles long. Nent Force 
Level, m the north of England, foims a similar drain to the mines 
m Alston Mooi; it is a stupendous aqueduct, 9 feet broad, and m 
some places from 16 to 20 feet high , it passes for moie that! thiee 
miles under the couise of the nvcr Nent to Nentsbury engine-shaft, 
and is navigated underground bj long narrow boats. Daylight at 
its mouth is seen like a star at the distance of a mile m the interior. 
Most of the adits admit of the passage of men and horses, with rails 
at the sides for waggons 

The ventilation of mines is accomplished by burning fires in 
some of the shafts, which are in communication with the otheis, so 
that currents of air flow up one and down the others. In some 
cases fredh aims cained into the mines by streams that are made to 
flow down sonre of the shafts Were this not done, the heat, which 
mcieases with the depth, ♦ould be insupportable , ventilation dimi- 
nishes the danger from the fiiedamp, for, even wheie Sir Humphry 
Davy’s* safety-lamp is used, accidents happen from the caielessness 
of the miners. 1 

The access to deep mines, as in Cornwall, is by a senes of per- 
pendicular or slightly-mclmcd sometimes unmteirupted, 

but generally broken at intervals by restmg-places v It is computed 
that one-third # of a miners physicaf strength was formetly ex- 
hausted in ascending and descending a deep mine : they are now 
drawn up by the steam-engine 

The greatest depth to which man has excavated is hothmg when 
compared with the radius of the earth. 1 he Eselschacht mine at 
Kuttcnbeig m Bohemia, now inaccessible, which is 3778 feet below 
the surface, is deeper than* any other mine. Its depth is only 150 
feet less than the height of Vesuvius, and it is eight times greater 
than the height of the pyramid of Chedps, or the cathedral of Stras- 
buig The Monkwearmouth coal-mine near Sunderland descends 
to 1500 feet below the level of the sea, so that the barometer stands 
there at 31 70,«which is higher than anjwhere on the earth’s sur- 
face* The salt-works of New SalLsweik in Piussia aie 2231 feet 
* 

1 Ihe splendid di&coveiy of Sir Humphry Davy, that flame does not pass 
thiough fine wue gauze, prevents the fatal explosion of inflammable air m the 
mines, by which thousands of hves have been lost. By means of a light en- 
closed m a wne-gauze lantern, a minei now woi with safety sunounded by 
hi e-damp. To the honour of the illusti ious author of this discovery, be it 
observed that it was not, like that of gunpowdei and others, the unforeseen 
lesult of chance by new combinations ot matter, but the solution of a question 
based on scientific experiment and induction, which it required the genius of a 
philo&ophio mind like Davy’s to arm e at. 

8 {supposing the barometer to be 30 inches on the level of the sea. 
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deep, and 1993 feet below the level of the sea. Minos on high 
ground may be very deep without extending to the sea-level : that 
of Valenciana, near Guanaxuato in. Mexico, is 1686 feet deep, yet 
its bottom is 6960 feet above the surface of the sea ; and the mines 
in the higher Ancles must be much more. For the same reason the 
rich mine of Joachimsthal in Bohemia, 2120 feet deep, has not yet 
reached that level. The fire-springs at Tseu-lieu-tsing in China 
are 3197 feet deep, but their relative depth is unknown. 1 How 
insignificant are all the works of man compared with nature ! — The 
greatest depth of the Atlantic Ocean hitherto ascertained is 31,700d*ect. 

The metals are very profusely diffused over the earth. Few 
countries of any extent do not contain some of them. A small 
number occur pure, but in general they exist in the form of ores, 
in which the metal is chemically combined with other substances, 
and they are often so mixed with earthy matter aijd rock, that it 
is necessary to reduce them to a coarse powder in order to separate 
the metallic portion, which is rarely mbre than a third or fourth 
part of the mass brought above ground. 

Gold is chiefly found in the palaeozoic strata where traversed by 
plutonic rocks, disseminated in veins and small threads or grains in 
the matrix itself ; the upper part of the rocks or veins containing 
the metal is in general the decreasing in quantity with the 

depth. Most of the surface gold has already been removed^ by 
natural causes ; and, although ^old is found in almost evgry country, 
it is in such minute quantities that it is often not worth the expense 
of working. It is almost always in a native state, and in the form 
of crystals, grains, or masses. Sometimes it is combined with silver ; 
but it is chiefly in the alluvial deposits, resulting from the destruc- 
tion and disintegration of the originally auriferous rocks, that this 
precious metal is now procured. It is exhausted in several parts of 
Europe where it was formerly found. The united produce of tho 
mines in Transylvania, Hungary, tho north-western districts of 
Austria, and the bed of the Danube, is nearly 60,000 ounces an- 
nually. Gold is found in small quantities in Spain, at Leadhills 
in Scotland, and in the Wicklow mountains in Ireland. 

Gold abounds in Asia, especially in Siberia. The alluvial deposits 
at tho foot of the Ural mountains are very rich. In 1826 a piece 
of pure gold weighing 23 pounds was found there, along with 
others weighing 3 or 4 pounds each, ^accompanied by bones of 
elephants. The alluvium there is ferruginous: and more to the 
east, as already mentioned, a rich auriferous region as large as 
France has lately been discovered, resting on rocks which contain 

1 Note to the English translation of Kosmos, by Colonel Sabine, on the 
depths below the surface of the earth attained by man. 
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it. In 1834 the treasures in that part of the Altai chain called the 
Gold Mountains weie discovered, forming a mountain-knot nearly as 
large as England, from which a great quantity of gold has been 
extracted. Gold is found in Tibet, m the Chines^ piovmce of Yun- 
nan, m the mountains of the Indo-Chinese peninsula, m Japan, and 
Borneo. In the latter island it occurs near the surface in several places. 

AfriCti has long furnished a considerable supply to Em ope. That 
part of the Kong mountains west of the meridian of Greenwich was 
one of the most auriferous regions m the world before* the recent 
disc<?veries m California. The auriferous stratum lies from 20 to 
25 feet below the surface, and mci eases m richness with the depth? 
The gold is found m particles and pieces m a i eddish sand. Most of 
the streams from the table-land bung down gold, as well those that 
descend to the low giound to the north, as those that flow to the 
Atlantic. On ^the shores of the Red Sea it was found m sufh- 
cient quantity io induce the Portuguese to form a settlement there. 

In South America the Western Cordilleia is poor in metals except 
in New Gienada, wheie the most westeily of the thiee chains of the 
Andes lfl rich m gold and platinum — a metal found only there, m 
Brazil, and on the European side of the Ural mountains — and all 
m alluvial deposits. Ihe largest piece of platinum that has bttn 
found weighed 21 ounces Gold ifc itiujid in alluvial deposits on 
the high plains of the Andes, on the low lands to the east of them, 
and in almost all the nveis that flow on that side. The whole 
country between Jaen do Bracamoros and the river Gimviare is 
colebrated for its metallic riches. Almost all the BraAn iivef^ 
bung down gold , and the mine of Gongo Soco, m th6 province of 
Minas Geraes, is said to yield several varieties of gold-ore Central 
America, Mexico, and California are aurifeious countries. r Ihe 
quantity ot gold leccntly ftftind near the surface m California ex- 
ceeded that of all other countries, until the discovery of the aun- 
ferous deposits m Australia, which have during the last year 
amounted to upwards of 13 millions steilmg imported into England 
alone. 1 A consideiable quantity is found m Tenessee, the moun- 
tains of Georgia* and on 1000 square milts of Noith Caiolina , m 
fact it is found at intervals from Canada to Georgia. 

A great deal of silver is raised in Europe. Ihe mines of Hungary 
are the most productive, especially those m the mountains of Chem- 
nitz. The metalliferous mountains of the Erzgebirge are ver> 
noli, and also the mines near Chustiama m Sveden. Silver is 

1 The reader is refened for fuither information on tins subject to a veiy 
interesting article (Siberia and California), attributed to one of our most emi- 
nent Butish geologists, on the distubution of gold in different parts of the 
world, and paiticulaily in the Ural Mountains and California, m the 174th 
Numbei of the Quarteily Review, September, 1850. 
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found in Saxony, Transylvania, and Austria. The lead-mines of 
England produced, in 1855, 140,0002. worth of this metal. In no 
part of the old continent is silver in* greater abundaijpe than in the 
Ural and Altai mountains, especially in the district of Kolyvan. 
There are silver-mines in Armenia, Anatolia, Tibet, China, Cochin- 
China, and Japan. 

The richness of the Andes in silver can hardly be conceived, but 
the mines are frequently on such high ground that the profits are 
diminished by the difficulty of carriage, the expense of living in a 
barren country, sometimes destitute of water, where the mingrs 
suffer from cold and snow, and especially the want of fuel. This 
is particularly the case at the silver-mines of Copiapo in Chile, 
where the country is utterly barren, and not a drop of water is to be 
found in a circuit of nine miles. These mines were discovered by 
a poor man in 1832, who hit upon a mass of silver in rooting out a 
tree. They extend over 150 square leagues.* Sixteen veins of silver 
were found in the first four days, and, before three weeks elapsed, 
forty more, not reckoning smaller ramifications. The rolled pieces 
which lay on the surface produced a large quantity of pure Silver. 
A single mass weighed 5000 pounds. 1 With Mexico, Chile is now 
the country most productive in silver. 

In the mines of Copiapq Tfre 'silver veins are sometimes cut 
off by a dyke of .limestone, but on the underside of tlie^dyke 
it is found richer than ever, add crowned by a mass qf pure silver, 
varying in weight from hundreds to even thousands of marcs. It 
often happens that vegetation is poor where mineral riches are 
great, especially in the countries where silver, lead, and coal are 
found. It is particularly the case in Atacama, where an immense 
and confused mass of sand and rocks of every colour and shade has 
the appearance of great cities destroyed byfsome terrible earthquake 
and then discoloured by fire. Yet even here a peculiar beauty some- 
times prevails. Patches and *streaks having every colour of the 
rainbow, — from the green of the most luxuriant vegetation to the 
most brilliant yellow and red — point out the localities of immense 
deposits of copper and oxides bf iron. These and the varied colours 
of quartz and p^phyritic rocks, when heightened by the tints of a 
setting sun, gradually subsiding from the brighter eglotirs into rose, 
then purple, and lastly a fading neutral tint, in a calm, ^ pure, 
and transparent atmosphere, is surpassinglyjbeautiful. 2 
. In Peru there are silver-mines along the whole range of the 
Andes, from Caxamarca to the desert of Atacama. The most pro- 
ductive at present are those of Pasco, which were discovered by 

1 Dr. Pceppig’s * Travels in Chile and Peru/ 

* Colonel Lloyd on the mines of Copaipo. 
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an Indian in 1630. They have been worked without interruption 
since the beginning of the seventeenth century. The soil under the 
town 1 of Pas<^ is metalliferous, the ores probably forming a series 
of beds contemporaneous with the strata. -The richness of these 
beds is not everywhere the same, but the nests of ore are numerous. 
The mines of Potosi, 16,150 feet above the sea-level, are celebrated 
for riches, but the owners have to contend with all the difficulties 
which such an elevated situation imposes. The small depth at 
which the silver lies in the high peaks of the Andes, and the greater 
abundance of it near the surface, is probably owing, as has been already 
stated, in speaking of gold, to the greater deposition of the sublimed 
mineral from refrigeration near the surface. The ore in the mines 
at Chota is near the surface over an extent of half a square league, 
and the filaments of silver are sometimes even entwined with the 
roots of the grass. This mine is 13,300 feet above the level of the 
sea, and even in summer the thermometer is below the freezing- 
point in the night. In the district of Huantajaya, not far from the 
shores of the Pacific, there are mines where masses of pure silver 
were found, of which one weighed 800 pounds. 1 

According to Humboldt, the quantity of the precious metals 
brought to Europe between the discovery of America and the year 
1803 was worth 1257 millions stealing ; and the silver alone taken 
ftom the mines during that period would form, a ball 89 feet in 
diameter. TJie disturbed state of the South American republics • 
and the high price of .quicksilver have interfered with the working 
of the mines. 

Lead-ore is very often combined with silver, and is then called 
Argentiferous Galena. It is one of the principal productions of the 
British mines, especially in the northern mining district, which 
occupies 400 square miles' at the junction of Northumberland, Cum- 
berland, Westmoreland, Durham, and Yorkshire. It comprises 
Alston Moor, the mountain-ridge 6f Cross-fell, and the dales of 
Derwent, East and West Allendale, the Wear, and Tees. There 
are other extensive mining tracts separated from this by cultivated 
ground. The principal products of this rich district are lead and 
copper. The lead-mines lie chiefly in the upper dales of the Tyne, 
Wear, and -Tees, and most of it contains a proportion of silver, 
though not always enough to indemnify the expense of refining or 
separating the silver. The’ deleterious vapours resulting from this 
process are conveyed in a tube along the surface of the ground for. 
14 miles : and instead of being, as formerly, a dead loss to the pro- 
prietor, they are condensed in their passage, and in one instance 
yielded metal to the annual value of 10,000?. 8 The total amount of 

1 Dr. Poeppig. 

* Constructed under the direction of Thomas Sopwith, Esq. 
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lead produced from “the mines of the United Kingdom alone, in 
1855, was 73,091 tons, and of silver from their argentiferous galenas 
561,906 lbs. 

Lead-mines are worked in France, but not to any great amount : 
those of the south of Spain furnish large quantities of this metal ; 
also in Saxony, Bohemia, and Carinthia, where they are very 
rich. Lead is not very frequently found in Siberia, though it 
does occur in the Nerchinsk mining district, in the basin of the 
river Amur. It is also a production of China, of the peninsula* 
beyond the Ganges, of Lower Peru, Mexico, and California. But 
the most extensive lead-mines known in the world are in North 
America. They lie on both sides of the Upper Mississippi, and 
generally throughout the western section of the United States as 
well as in the States on the Atlantic. They arc extensively worked, 
and were more so before the discovery of gold in California. TThe 
most extensive lead-mines are in the United States : that in the 
valley of the Upjjer Mississippi extends ovbr a square degree of lati- 
tude, and is near the surface. 

Quicksilver — a metal so important in separating silver frt>m its 
ores, and in various arts and manufactures as well as in medicine — 
occurs either liquid in the native state, or combined with sulphur in 
that of cinnabar. It is found^n the mines of Hria and some other 
places in the Austrian empire, in the Palatinate «on the left bank^of 
the Rhine, in several parts of*Tuscany, and in Spain, l^he richest 
quicksilver mines of Europe, .at the present day, are thos$ of 
Almaden, where the quicksilver is found in the state of sulphuret 
chiefly disseminated in the Silurian strata. These mines were 
worked 700 years before the Christian era, and as many as 1200 
tons of the metal are extracted annually. It occurs in China, 
Japan, and Ceylon, at San Onofrio in {Mexico, and in Peru, at 
Guancavelica, the mines of which, now almost abandoned, pro- 
duced, up to the beginning df the present century, the enormous 
quantity of 54,000 tons of quicksilver. There is a mine of quick- 
silver, probably unrivalled in richness, twenty miles from San Josd, 
in the Clara valley of California, and three or four of cinnabar, the 
sulphuret of metcury, which were known to the Indians, who used 
the cinnabar to paint themselves. At one time thefe were more 
than two millions of pounds weight of ore lying at the mouth of the 
mine, from whence it is carried in skin sgcks on the shoulders of 
men. It is supposed that this ore will produce 50 per cent, of pure 
quicksilver. 

Copper is of such common occurrence that it would be vain to 
enumerate the localities where it is found. It is produced in Africa, 
in Persia, India, China, and Japan. The coj^er-mines in the United 
States of North America are probably the richest and most exten- 
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fiive in the world, especially those of Lake Superior, where masses 
60 tons weight of pure copper have been found, and in the Cleff 
mine even of 60 or 80 tons, and a stratum of pure copper 3 feet thick 
has been cut through. The Siberian mines are very productive both 
in ore apd native copper. The choicest specimens of Malachite, v 
the most beautiful of its ores, come from Siberia. Almost every 
country in Europe yields copper. The mines in Sweden, Norway, 
and Germany are very productive ; and it forms a principal part of 
our oWn mineral wealth. It is raised in all the principal mining 
districts in England and Wales. In Cornwall, where they are oftdn 
associated with tin, its ores produced 12,5784 tons of pure metal in 
1855. The period at which the Cornish mines were first worked 
goes far beyond history, or even tradition : certain, however, it is 
that the Phoenicians came to Britain for tin. Probably copper was 
alscf worked very early # in small quantities, for its exportation was 
forbidden in the time, of Henry VIII. It was only in the begin- 
ning of the eighteenth century that the Cornish copper-mines were 
worked with success, by aid of the steaip-engine and of an improved 
machine for draining them. 1 

In Cornwall and Devonshire clay-slate rests upon granite, and is 
traversed by porphyritic dykes. The veins which contain copper or 
tin, or both, run cait and west, and* penetrate both the granite and 
the clay-slate. The non-metallifcrous veins run /iorth and south ; 
and if veins in that direction do contain any metal, it never is lin 
or Qppper, but lead, silver, cobalt, or antimony, which, with little 
exception, are believed to be always in the clay-slate. No miner in 
Cornwall has. ever seen the end or bottom of a vein ; their widiS? 
varies from the thickness of a sheet of paper to 30 feet ; the average 
is from one to three feet. It rarely happens that either tin or 
copper is found nearer the surface than 80 or 100 feet. If tin be 
first discovered, it sometimes disappears after sinking the mine 100 
feet deeper, when copper is found, tod in some instances tin is 
found 1000 feet deep without a trace of copper ; but if copper is first 
discovered, it is very rarely succeeded by tin. Tin is found in rolled 
pieces, in alluvial beds of sand and graVel, and is then called stream- 
tin. Of all countries England is the most productive in tin ores, 
which in 1855 gave 9267 tons of the pure metal. The most valuable 
tin-mines on the continent of Europe are those in Saxony ; it also 
occurs in France, Bohemia, and Spain. One of the richest deposits 
of tin known is in the province of Tenasserim, on the east side of 
the gulf of Martaban, in the Malayan peninsula. These deposits 
occur in several parts of that country; the richest' is a layer eight 
or ten feet thick of sand and gravel, in which masses* of oxide of 

1 Sir Charles Lemon, Bart. 
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tir^ are sometimes the size of a pigeon’s egg. The best of all comes 
from the island of Banca,' at the extremity of the peninsula of 
Malacca* a large portion of it is imported into Britain, and much 
jgoes to China. It is found in the alluvial tracts through every part 
of the island, rarely more than 25 feet below the surface. Great 
deposits occur also in the Siberian mining district of Nertshinsk, 
near the desert of the Great Gobi, and near Oruro, in Bolivia ; and 
stream-tin has been recently discovered in the auriferous deposits of 
South Australia. 

There are comparatively few coal-mines worked within the 
tropics ; they are mostly in the temperate zones, especially between 
the Arctic Circle and the Tropic of Cancer ; and as iron, the most 
useful of metals, is chiefly found in the carboniferous strata, it 
follows the same distribution ’ In fact, the most productive iron- 
mines yet known are in the temperate zones. • In the eastern mining 
district of Siberia, in the valley of the river Yilui, the ores are very 
rich, and very abundant in many parts of the Altai and Ural. In 
the latter the mountain of Blagod, at 1534 feet above the jsea, is 
one mass of magnetic iron-ore. 1 Coal and iron are worked in so 
many parts of Northern China, Japan, India, and Eastern Asia, 
that it would be tedious to enumerate them* 

111 Europe the richest miftes of iron, like those of coal, lie chiefly 
north of the Aljfe. Sweden^ Norway, Russia, Germany, 43tyfia, 

( Belgium, tnd France, all contain it plentifully. In Britain many 
of the coal-fields contain subordinate beds of a rich argillaceous iron- 
ore, interstratyied with coal, worked at the same time and in the 
same manner ; besides, there is a substratum of limestone, which 
serves as a flux for melting the metal. The principal mines lie 
round Birmingham, in the Staffordshire coalfield, and the great coal- 
basin of South Wales, about Ponfcypool* and Merthyr Tydvil, and 
in Scotland, about Glasgow. TJhere are extensive iron-mines in Staf- 
fordshire, Shropshire, North and South Wales, Yorkshire, and Derby- 
shire. It would be impossible to state the number of min^s, which 
yield iron sufficient for ouj own enormous consumption and for 
exportation ; but an idea may be formed of their extent when it is 
stated that in 1855 they furnished 9,553,741 tons <jf ore for the 
supply of 589 blast-furnaces, which produced 3jG18,154 tons of 
pig-iron, valued at 13,516,266Z. sterling. These productive mines 
would have been of no avail had it not bfeen for the abundance of 
fuel with which the greater part of them in the north of England, 
Scotland, and Wales are associated — the great source of our national 
wealth, more precious than mines of gold. Most of the coal-mines 
would have been inaccessible but for the means which their produce 


1 M. Erman’s ‘ Travels in Siberia/ 
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affords of draining them at a small expense. A bushel of coals, 
which costs only a few pence, in the furnace of a steam-engine 
generates a power which in a few minutes will raise 20,009 gallons 
of water from a depth of 360 feet — an effect which could not be ac-< 
complished in a shorter' time than a whole day by the continuous 
labour of twenty men working with the common pump. Yet this 
circumstance, so far from lessening the demand for human labour, 
has caused a greater number of men to be employed in the mines. 1 

The coal strata lie in basins, dipping from the sides towards the 
centre, which is often at a vast depth below the surface of the 
ground. The centre of the Liege coal-basin is 21,358 feet, or 3J 
geographical miles deep, which is easily estimated from the dip, or 
inclination, of the strata at the edges, and the extent of the basin. 
The coal-lies in strata of small thickness and great extent. It varies 
in thickness from 3 t& $ feet, though in some instances several 
layers come together, anchthen it is 20 and even 30 feet thick ; but 
these layers are interrupted by frequent dislocations, which raise the 
coal-seam towards the surface. These fissures, which divide the 
coalfield into insulated masses, are filled with clay, so that an 
accumulation of water Jakes place, which must be pumped up. 

There are four great coalfields hi England. The first lies 
north of the Trent, jmd occupies an area of 360 square miles ; the 
quantity of coal annually raised in Northumberland and Durham 
amounts to upwards of fifteen millions of tons, from 270* collieries. 
London is chiefly supplied from it. The second or Yorkshire coal- 
field yielded in 1856, 9,083,625 tons from 399 collieries ; the third 
or central coalfield, which includes Derbyshire, Nottinghamshire, 
Warwickshire, Lancashire, North Wales, Leicester, Worcester, Staf- 
ford, and Shropshire, supples the manufactories round it, and the 
Midland counties south and east of Derbyshire, with 22,035,000 tSlis 
from 1355 collieries. The fourth or western coalfield includes South 
Wales, Gloucestershire, and Somersetshire. The coalfield of South 
Wales produced 8,919,100 tons from 304 collieries. The Work- 
ington and Whitehaven coal-mines extend a mile under the sea ; 
several shafts in the latter arc 100 fathoms deep ; and it is one of 
the finest in England for extent and thickness of strata, some of the 
seams being nine°feet thick. 

The Scotch coalfield is a most important one, and occupies the 
great central low land of Scotland, lying between the southern high 
lands and the Highland mountains ; the whole of that wide tract is 
occupied by it, besides which there are others of less extent. In 
1856 the Scotch collieries produced 7,500,000 tons from 405 col- 

1 In 1856 there were upwards of 400,000 persons employed in the mines 
of Great Britain and Ireland, and 2829 collieries, employing 219,955 men, 
women, and children. 
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lieries. Coal has been found in seventeen counties in Ireland, but 
the island contains five principal coal districts— Leinster, Tippoiary, 
Munster, Connaught, and Tyrone, produced only 136,000 tons. 
Thus there is coal enough in the British islands to last some thou- 
sands of years ; and were it exhausted, our fnends across the Atlantic 
have enough to supply the world for ages uncountable. Moreover, if 
science contmues to advance at the rate it has lately done, a sub- 
stitute for coal will probably be discovered before our own mmes aro 
worked out. 1 

1 In 1856 tiie total production of coal in the Bntish Islands amounted to 
66,645,450 t<ms, of which 5,879,780 were exported to foreign countnes. 

In the year 1856 the value of the mineral produce of Gieat Britain reached 


the enormous amounts, namely — 

Silver £153,447 

Copper 2,846,803 

Iron 14*545,508 

Lead * 1,755,096 

Tm . .. : 808,241 

Zinc .. .. •• . . .. ■■ 225,07 5 

Salt * 553,293 

Alum and other mineral products .. 794, 7b8 

Coal 16,663,862 


Total* £38,I4$,793 


• • 

At present there aie upwards of>60,000,000 of tons of coals consumed in 
Great Britain annually, besides the quantity expoited to om ^colonies and to 
foreign countnes, amounting to neaily 6,000,000 of tons 15,000,000 of tons 
are consumed m the woiking of iron alone. Between 700,000 and 800,000 
tons are used in making gas. 

The iron made m Britain m 1856 amounted to 3,586,377 tons. 

The produce of our coppefrimnes has increased threefold withm the last 60 
yeais, and now leaches 13,534 tons of pure metak, 1 he quantity of tin has 
also increased fiom our own mines to 6177 tons* in 1855, and also from the 
extensive importation of that metal from the Eastern Ai chipelogo, where the 
country yielding stieam-tm extendi fiom 7° N. lat. to 3° S. lat. The pro- 
duce from the latter country imported into Great Britain last year amounted 
to 3110 tons of pure metal. 

In France there are 62 coal nupes, which yielded 3,410,200 tons in 1841, 
and in 1838 the 12 lion districts m that country yielded to the value of 
4,975,424/. 

938,110 tons of British coal and 66,000 tons of iron were ifnported into 
France in 1855 

Belgium is next m importance to England as a coal producing country. In 
Britain the coalfields occupy one-twentieth part dF the aiea of the country — 
in Belgium one twenty-second part — in France one two hundred and tenth 
part of its area. 

. The quantity of coal raised in one year is, according to * The Statistics of 
Germany,' by R. Valpy, Esq. — 

In Belgi um • • *• •• •• 4,000,000 

France 3,781,000 

Get many •• .. .. •• •• 3,000,000 
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The carboniferous strata are enormously developed in the States 
of North America. The Appalachian coalfield extends without in- 
terruption 720 miles, with a maximum breadth of 280 miles, from 
the northern border of Pennsylvania to near Huntsville, in Alabama, 
occupying an area of 63,000 square miles. It is intersected by three 
great navigable rivers — the Monongahela, the Alleghany, and the 
Ohio — which expose to view the seams of coal on their banks. The 
Pittsburg seam, 10 feet thick, exposed on the banks of the Mononga- 
hela, extends, horizontally, 225 miles in length and 100 in breadth, 
and covers an area of 14,000 square miles, so that this spam of coal 
may be worked for ages almost on the surface, and in*nany places 
literally so. Indeed, the facility is so great,. that it is more profitable 
to convey the coal by water to New Orleans, 1100 miles distant, than 
to cut jlown the trees with which the country is covered for fuel, 
and which may be had for the expense of felling. Tfie coal is 
bituminous, similar to* the greater part of the British coal ; forty 
miles to the east, however, among the ridges of the Appalachian 
lhain. there is an extensive outlying member of the great coalfield, 
which yields anthracite, a species of coal which hgs the advantage of 
burning without smoke. 

In the western States, the Illinois coalfield, which occupies part 
of Illinois, Indiana, and Kentucky, is .as large as England, and con- 
sfote of hprizontaf strata, with numerous seams of rich bituminous 
coal. There, is a vast coalfield also c in Michigan. Large areas in 
New Brunswick and Nova Scotia abound in coal, and good coal has 
been discovered in Vancouver Island. Iron is worked in many 
parts of the United States, from Connecticut to South Carolina 1 

The tropical regions of the globe have been soAittle explored that 
no idea can be formed o£ the quantity of (foal or iron they contain ; 
but as iron is so universal, it is probable that coal is not -wanting. 
It is found in Formosa. Both abound in Borneo, ana in various 
parts of tropical Africa and America. There is comparatively so 
little land in the southern temperate zone, that the mineral produce 
must be more limited than in the northern, yet Australia, Tasmania, 
and New Zealand arc rich in coal and iron. 

Arsenic, used in the arts and manufactures, is generally found 
combined with iron and sulphur in many countries as well as our 
own. Manganese, zinc, bismuth, and antimony are raised to a con- 
siderable amount. As <the qualities of the greater part of the more 
rare metals are little known, they have hitherto been interesting 
chiefly to the mineralogist. 

The mines of rock-salt in Cheshire seem to be inexhaustible.* 
Enormous deposits of salt extend 600 miles on each side of the Car- 

1 Sir Charles LyelTs 4 Travels io the United States of North America . 1 
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pathian mountains, and throughout wide districts in Austria, Gallicia, 
m Tuscany, and Spam. It wouM not be easy to enumerate Hie 
places m Asia where lock -salt has been found. Armenia, Syna, 
and extensive tracts m the Punjab abound m it, also China and the 
Ural district , and the Andes contain vast deposits of rock-salt, 
some at great heights. 

Volcanic countries in both continents yield sulphur. Italy 
and Sicily, where it is m the teitiary marine strata, unconnected 
with the volcanic district, are the magazines which supply the 
gieater part of the manufactures of Euiope. It is often beautifully 
crystallized. Asphalt, nitre, alum, and naphtha are found m various 
paits of Europe and Asia, and natron is procuied from small lakes in 
an oabis on the west of the Valley of the Nile. 

The diffusion of precious stoneb is very limited. Diamonds are 
found in*a soil of sand and gravel, and lit the beds of rivers 
Biazil furnishes most of the diamonds m cdhunerce , they are the 
produce of tracts on each side of the Sierra ^spenhafo, and of a dis- 
trict watered by some of the affluents of the 11 10 San Francisco 
Duiing the century endmg m 1822, diamonds were collected m 
1 la/il to the value of three millions sterling, one of which weighed 
13S£ carats. The celebrated uimes of Golconda have produced 
many splendid diamonds . tliay arc also m Borneo, which produced 
one weighing 3G7 caiats, vilucd at 269,378Z. The eastenuparts*T7f 
the Tlnan-Shan, on the gnat platform of Asia, and a. wide district 
ot the Uial Mountains, yield diamonds 

The mby and sapphire, which have the same ciystalhne form, aie 
found m Ceylon* m the giavelof sticams The mines at Gharan, 
near to the nvei Oxus, aie imbedded m limestone The gravel 
of rivulets m the Bn man empire contain^ the oiicntal, star, and 
opalescent rubies The spinelle also occtns m that countiy m a 
distuct five days* journey fiom Ava The blue, green, yellow, and 
white sapphires are the produce of the Birman empire, and the 
spinelle is not uncommon m Biazil. 

The finest emeralds come fiqm veins in a blue slate, of the age of 
our lotfer chalk strata, m the valley of Muso, in New Gianada 1 
Beryls aie fpund in Biazil, and in the old mines m Moujjt Zebarah, 
m Upper Egypt Those of Hungary and of the Hetibach Valley, 
near baltzbuig, are very mfenoi m colour and quality. 

Mexico, Hungaiy, and Bohemia yield the ^finest opals, the most 
esteemed are opaque, of a pale brown* and shine with the most 
brilliant indescence , some <uc white, transpaient, oi semi-tians- 
parent, and radiant m colours. The most beautiful garnets come 

1 This curious geological fact his been established by the discoveries of 
Pi ofessoi I ewy, who has sent to Pans specimens m which ciystals of emerald 
and gieen-sand fossils are imbedded. 

K 
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from Bohemia and Hungary ; they are found in the Harz Moun- 
tains, Ceylon, and many other localities. The turquoise is a Persian 
gem, of which there are two varieties ; one is supposed to be the 
enamel of the tooth of a fossilized mastodon, the other a purely 
mineral substance ; it is also in Tibet and in the Belpot-Tagh in 
Badakshan, which is the country of the lapis lazuli. This beau- 
tiful mineral is also found in several places of the Hindoo Coosh, 
in the hills of Istalif north of Cabool, in Tibet, and in the Baikal 
fountains in Siberia. 

The cat’s-eye is peculiar to Ceylon. Topazes, beryls, and ame- 
thysts are of very common occurrence, especially in Brazil and 
Siberia. They are little valued, and scarcely accounted >gems. Agates 
are so beautiful on the table-land of Tibet, and in some parts of the 
desert, of the Great Gobi, that they form a considerable article of 
commerce with China ; and some are brought to Borne, #here they 
are cut into cameos a,nd intaglios. But the greater part of the 
agates, cornelians, and chalcedonies used in Europe are found in the 
trap*rocks round Oberstein, in the Palatinate. 

Thus, by her unseen ministers, electricity and reciprocal action, 
the great artificer Nature has adorned the depths of the earth and 
the heart of the mountains with her most admirable works, filling 
the veins with metals, and building 4he atoms of matter, with the 
hloSt ebgant and delicate symmetry, into innumerable crystalline 
forms of inimitable grace and beauty- The calm and still exterior 
of the earth gives no indication of the activity that prevails in its 
'bosom, where treasures are preparing* to enrich future generations 
of man. Gold will still he sought for, and the diamond will be 
gathered among the debris of the mountains, while time endures. 
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CHAPTER XVI. 

The Ocean — its Size, Colour, Pressure, and Saltness — Tides — Waves ■*- 
their Height and Force — Currents — their Effect on Voyages — Tem- 
perature — The Stratum of Constant Temperature — Line of Maximum 
Temperature — North and South Polar Ice — Inland Seas. 

The ocean, which fills a deep cavity in the globe, and covers .three- 
fourths of Its surface, is so unequally distributed that there is three 
times more land in the northern than in th§* southern hemisphere. 
The torrid zone is chiefly occupied by sea, and only one twenty- 
seventh part of the land on one side of the earth has land opposite 
to it on the other. The form assumed by this immense mass of 
water is that of a spheroid, flattened at the piles ; and as its mean 
level is nearly the same, for anything we know to the contrary, it 
serves as a base to which all heights of land are referred. 

The bed of the ocean, like that of the land, of which it is "135$ 
continuation, is diversified by plains and mountains? table-lands 
and valleys, sometimes barren, sometimes covered with marine 
vegetation, and teeming with life. Now it sinks into depths which* 
the sounding-line has never fathomed, now it appears in chains 
of islands, or rises near the surface in hidden reefs and shoals, 
perilous to the mariner; Springs of fresh water rise from the 
bottom, volcanoes eject their lavas and scoria?, and earthquakes 
trouble the deep waters. 

The ocean is continually receiving the spoils of the land. From 
that cause it would constantly be decreasing in depth, and, as 
the quantity of water is always the same, its superficial extent 
would increase. There are, however, counteracting causes to check 
this tendency: the sdbular elevation of the land over* extensive 
tracts in many parts of the world is one of the moSt important. 
Volcanoes, coral islands, and barrier-reefs, show that great changes 
of level are constantly taking place in the be8 of the ocean itself — 
that symmetrical bands of subsidence and elevation extend alter- 
nately over an area equal to a hemisphere, from which it may be 
concluded that the balance is alwgys maintained between the sea 
and land, although the distribution may vary lh the lapse of time. 1 

1 Mr. Alfred Tayloj has computed that all existing causes would produce an 
elevation of only three inches in ten thousand years. 

K 2 
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The Pacific, or Great Ocean, exceeds in superficies all the dry 
land on the globe. It has an area of 50 millions of square miles ; 
including the Indian Ocean, its area is nearly 70 millions ; and its 
breadth, from Peru to the coast of Africa, is 16,000 miles. Its 
length is less than the Atlantic, as it only communicates 'with the 
Arctic Ocean by Behring Strait, whereas the Atlantic, as far as we 
know, stretches from pole to pole. 

The continent of Australia occupies a comparatively small portion 
cff the Pacific, while innumerable islands stud its surface many 
degrees on either side of the equator, of which a great number are 
volcanic, showing that its bed has been, and indeed actually is, the 
theatre of violent igneous eruptions. So great is its depth, that a 
line 5 miles long has not reached the bottom in many places ; yet 
as the whole mass of the ocean counts for little in the total amount 
of terrestrial gravitation, its mean depth is but a small fraction of 
the radius of the globd*. 

The bed of the Atlantic is a long deep valley, separating two 
vast continents, and probably extending from pole to pole. Its 
greatest breadth, including the Gulf of Mexico, is 5000 miles ; its 
superficial extent is estimated at 25 millions of square miles. 
Mountains in various parts raise r fcheir heads in islands above the 
AUlface t of the ivaves, but “ could the waters of the Atlantic be 
drawn off, so as to expose to view this great sea-gash which separates 
continents, and extends from the Arctic to the Antarctic, it would 
^present a scene the most rugged, grand, and imposing. The very 
ribs of the solid earth, with the foundations of the sea, would be 
brought to light in the empty cradle of the ocean. ,,1 

The bed of the South Atlantic has not yet been explored, but 
that part of the ocean kems to be exceedingly deep : in 27° 26' S. 
lat., and 17° 2ff W. long., Sir James Boss found the depth to be 
14,550 feet ; about 450 miles west from the Cape of Good Hope it 
was 16,062 feet, or 332 feet more than the height of Mont Blanc ; 
and 900 miles west from St. Helena a line of 27,600 feet did not 
touch the bottom, a depth which 'is equal to some of the most 
elevated peaks of the Himalaya. At the tijjpe these soundings were 
made there ^vas much uncertainty, on account of the under-currents 
in the ocean and the buoyancy of the water, both of which are 
overcome by Brooke’s deep-sea sounding apparatus, which has 
enabled the officers of the United States navy to make an extensive 
and accurate survey of the North Atlantic. The greatest depths 
that the sounding-lead has reached with certainty are south of the 

1 « Physical Geography of the Sea/ by Mr. Maury, U.S.N., a work of great 
importance, invaluable to mariners, and of deep interest to all who delight in 
the noble works of creation. 
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Great Bank of Newfoundland, between the parallels of *35° and 40° 
N. lat., and do not exceed 25,000 feet. Hence from the top of 
Mount Everest in the Himalaya, 6ne of the highest peaks of the 
Andes, to the deepest point of soundings, is 94 statute miles, 
estimated in a vertical line. 

Throughout the North Atlantic the land shelves down to greater 
and greater depths gradually on both sides of the ocean. On the 
coast of North America these shoals seem to have a very regular 
and marked outline, the water increasing on them successively to 
six, twelve, eighteen, and twenty-four thousand feet on an average. 
A similar structure obtains on the African coast, but the two last 
and deepest of these extend in enormous platforms, which occupy 
by much the greater part of the ocean bed, leaving in the central 
parts the deepest portion. One of the most extensive of these 
platforms or steppes of moderate depth extends from Cape Race in 
Newfoundland to Cape Clear in Ireland ; the distance between these 
two points is 1640 miles, and the sea along this route is probably 
nowhere more than 10,000 or 12,000 feet deep. Such is the Tele- 
graphic Plateau. On it will rest in security that stupendous cable 
which will instantaneously convey intelligence from continent to 
continent, and connect more closely two kindred people, one of the 
boldest and noblest results o& science. r l he survey of the North 
Atlantic was undertaken with a view to this important object, 
has been accomplished with a Spirit and talent that .does honour 
to the naval officers of Great Britain and the United States em- 
ployed, and to the liberality of their respective governments. 

Immense banlfs rise from great depths to within a few fathoms 
of the surface of the ocean. Of these, the Agulhas Banks, off the 
Cape of Good Hope, are among the mos^ remarkable. But the 
double bank of Newfoundland is of still greater extent : it seems to 
have been formed by drift brought by an under current from the 
north polar ocean, as the water becomes suddenly excessively deep 
at the southern extremity. The Dogger Bank, in the North Sea, 
and many others, are well ki^own. Recording to Mr. Stevenson, 
one-fifth of the North Sea is occupied by banks, whose average' 
height is 78 feet, an area equal to that of Great Britain* On that 
account the average depth is only 98 feet. Some of these eleva- 
tions near the coast of Norway are surrounded by such deep water 
that they must be submarine table-lands. Currents are sometimes 
deflected from their course by banks whose tops do not come 
within 50 or even 100 feet of the surface. Where banks or reefs 
rise to the surface in tropical se^s, cocoa-nut palms have been 
planted by some of our cruizers to give warning of danger ; as, for 
example, on a dangerous shoal off the coast of Brazil, called Las 
Roccas, lying about 120 miles west of Tristan d*Acunha. 
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The pressure at great depths is enormous. In the Arctic Ocean, 
rfhere the specific gravity of the water is lessened, on account of 
she greater proportion of fresh water produced by the melting of 
he ice, the pressure at the depth of a mile and a quarter is 2809 
pounds on a square inch of surface ; this was confirmed by Captain 
Scoresby, who says, in, his * Arctic Voyages/ that the wood of a 
boat suddenly dragged to a great depth by a whale was found, 
when drawn up, so saturated with water forced into its pores, that 
it sank in water like a stone for a year afterwards. Even sea-water 
is reduced in bulk from 20 to 19 cubic inches at the depth of 20 
miles. The compression that a whale can endure is wonderful. 
Many species of fish are capable of sustaining great as well as 
sudden changes of pressure. Divers in the pearl-fisheries e?ert great 
muscular strength, but man cannot bear the increased pressure at 
great depths, because his lungs are full of air, nor can he endure the 
diminution of it at greht altitudes above the earth. 

The depth to which the sun’s light penetrates the ocean depends 
upoij the transparency of the water, and cannot be less than twice 
the depth to which a person can see from the surface. In parts of 
the Arctic Ocean shells are distinctly seen at the depth of 80 
fathoms ; and among the West India islands, in 80 fathoms water, 
the bed of the sea is as clear as if .seen in air ; shells, corals, and 
SEE* weeds of every hue display the tints of the rainbow. 

The purest spring is not more 0 limpid than the water of the 
ocean ; it absorbs all the prismatic colours, except that of ultra- 
amarine, which being reflected in every direction, imparts a, hue 
approaching the azure of the sky. The depth of Ihe blueJBpnds 
upon the quantity of salt contained in the water. In qjHprorks 
the brine assumes a deeper blue the longer the evaporation is con- 
tinued : that is the reason of the deep azure of the Mediterranean, 

. the Gulf-stream, and the Bea in the region of the trade-winds. In 
the Indian Ocean the colour is so intense that it has been poetically 
called the Black Waters. The light green of the North Sea and 
other Polar waters is owing |o their, want of salt. 1 The colour of 
i/the sea varies with every gleam of sunshine or passing ebud, 
although its true tint is always the same when seen sheltered from 
atmospheric influence. The reflection of a boat on the shady side 
is often of the clearest blue, while the surface of the water exposed 
to the sun is bright is burnished gold. The waters of the ocean 
also derive their colour from animalcules of the infusorial kind, 
vegetable substances, and minute particles of matter. It is white 
in the Gulf of Guinea ; off California the Vermilion Sea is so called 
on account of the red colour of the infusoria it contains ; the same 


1 Maury. 
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red colour was observed by Magellan near the nyuth of the river 
Plate. The Persian Gulf is called, the Green Sea by eastern geo- 
graphers, and there is a strip of green water off the Arabian coast so 
distinct that a ship has been seen in green and blue water at the 
same time. Rapid transitions take place in the Arctic Sea, from 
ultramarine to olive-green, from purity to opacity. These appear- 
ances are not delusive, but constant as to place and colour ; the 
green is produced partly by its freshness as well as by myriads of 
minute insects, which devour one another and are a prey of larger 
animals. The colour of clear shallow water depends upon that of 
its bed ; over chalk or white sand it is apple-green, over yellow sand 
dark-green, brown or black over dark ground, and grey over mud. 

The sea is supposed to have acquired its saline principle when 
the globe was in the act of subsiding from a gaseous state, for the 
water as well as the saline matter it contains volatile and gaseous 
at high temperatures. The density of sea-water depends upon the 
quantity of saline matter it contains. 1 Lieut. Maury has computed, 
taking the average saltness at 3 \ per cent., and the mean depth of 
the sea at two miles, that the quantity of saline matter contained 
in the ocean would cover an area of seven millions of square miles 
to the depth of one mile, a quantity that could not have been 
brought from the land by risers and floods. Th$ constituents of 
sea-water are everywhere the s^me, in consequence of the tmivcFsal 
system of currents which prevails in the ocean by which the mass 
of waters are continually mixed. The differences depend upon local 
circumstances, specially evaporation. Thus the ocean contain^ 
more salt in the southern than in the northern hemisphere, because 
the southern trade-wind blows over a greater expanse of water 
than the northern, and causes a greater evaporation. The greatest ' 
proportion of salt in the waters of the Pacific is in the parallels of 
22° or 20° N. lat. and 17° S. laj., the regions of the trade-winds ; 
while near the equator, where these winds neutralize one another, 
it is less ; and in the Polar oceans it is least, from the melting of 
the ice. The saltness varies in these regions with the seasons, the 
fresh water being lightest is uppermost. For the same reason rain 
makes the surface of the sea fresher than it is below, and the 
influx of rivers renders the ocean less salt at their estuaries. The 
Amazon renders the Atlantio brackish 300 miles from its mouth. 
The saltness of inland seas depends upon the quantity of fresh 
water they receive and the amount of evaporation. The Baltic is 
very fresh, because it has small evaporation and receives many 

1 According to Messrs. Schlagintweit the mean specific gravity of the sur- 
face-water of the Atlantic is 1*0277, and of the Pacific 1*0265, between 10° 
and 40° S.; and 1*0|6]3, between 40° and 60°. 
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rivers. Though ^he Mediterranean receives large rivers, it is very 
salt from great evaporation ; and the Red Sea, in a rainless region 
with great evaporation and no rivers, contains more salt than either 
of the others. 1 

Fresh water freezes at the temperature of 32° of Fahrenheit ; the 
point of congelation of salt water is much lower. As the specific 
gravity of the water of the Greenland Sea is about 1*02664, it does 
not freeze till its temperature is reduced to 28£° of Fahrenheit, so 
that the saline principle preserves the sea in a liquid state to a 
much higher latitude than if it had been fresh, while it is better 
suited for navigation by its greater buoyancy. The healthfulness 
of the sea is ascribed to the mixing of the water by tides and 
currents which prevents the accumulation of putrescent matter. 

Besides its saline ingredients, the sea contains bromine and 
iodine in very minute quantities, and, no doubt, portions of other 
substances too small' to be detected by chemical analysis, since it 
has constantly received the debris of the land and all its organised 
matter. 

The tides which flow and ebb twice in a day on our coasts are 
raised by the combined action of the sun and moon. The water im- 
mediately under the moon is drawn ,from the earth by her attraction, 
at the same tinje that she draws the earth from the water dia- 
nSelFically opposite, in both cases producing a tide of nearly equal 
height. A similar action of the sun raises a wave, which, on aceopn^ 
of his great distance, is very much less than that raised byjg^a 
moon. The two waves sometimes unite and sometimes are opposed 
to one another, according to the position of the luminaries ; but.4he 
combined wave tends to follow the sun and moon as far as the roJA- 
tion of the earth will allow, and extends to the very bottom of the 
sea. Being thus chiefly regulated by the moon, the tides happen 
twice in 24 hours, because in that tinje the rotation of the earth brings 
the same point of the ocean twice under the meridian of the moon — 
once under the upper meridian and once under the lower. It is dear 
that the highest or spring tides must .happen at new and full rfjpon, 
consequently twice in each lunar month, because in both cff£§9 the 
sun and meon are in the same meridian ; for when the moon is new 
they are in coftjunction and when she is full they are in opposition, 
and in each of these positions their attraction is combined to raise 
the water to its greatelt height ; while, on the contrary, the neap or 
lowest tides happen when the moon is in quadrature, or 9 (P distant 
from the sun, for then they counteract each other’s attraction. 

1 The solid contents of sea-water amount to about 3J per cent. Of its 
weight : they consist of common salt, or muriate of soda, of sulphates and 
carbonates of lime, magnesia, soda, potash, iron, and a most minute quantity 
of silver. S 
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Had the globe been entirely covered with water, the greatest tides 
would have taken place when the action of the sun and moon was in 
the plane of the equator and in the same meridian, for then their 
action would have been most direct ; but in that case there would 
have been very small tides in the high latitudes and none at the 
poles, because then the action of the luminaries would decrease as 
the square of the cosine of their declination. That, however, is by 
no means the state of the tides, for, since the action of the sun and 
moon is only sensible in a vast extent of deep water, the Antarctic 
Ocean is their source and birthplace. The greatest spring tides, 
therefore, take place when the luminaries, in conjunction or oppo- 
sition, are at their greatest southern declination, and the moon in 
perigee, that is, in the point of her orbit nearest to the earth • 

When the sun and moon, under these circiyifstances, pass over the 
ocean to the east of Tasmania, New Zealand,’ and the South Pole, 
they raise a vast ridge of water, or great tidal wave, which reaches 
to thg^very bottom of the sea and tends to follow the luminaries to 
t herrorth-west, and, having received that primitive impulse, it con- 
tinues to move in that direction long after the sun and moon cease 
to act upon it. 

On entering the Pacific it flows along the western coast of South 
America, bringing high water fco each place as it passes ; but Tt is 
so much impeded by the numerous islands in that oefcan, that it is 
scarcely perceptible in many places among them, whereas in the 
Indian Ocean it pushes with such violence and speed along the shore! 
of the. Indian Peninsula, that it arrives at Cape Comorin before noon 
of the first day of its existence, nearly at the same time that it has 
brought high water to the coast of Tasmania. 

When this tidal wave enters the Atlantic in its north-westerly 
course, it brings high water la^r and later to each place ; but its 
velocity is so very different on the two sides of that ocean, that it 
arrives at Cape Blanco, on the west coast of Africa, and at Newfound- 
land, on the east coast of North America, at the end of the first 24 . 
hours of its existence. It is then deflected to the east by the conti- 
nent of America, and thus flowing at right angles to its former path, 
it comes to the most westerly points of Ireland and England on the 
morning of the second day. The great branch of this tidal wave; 
then passes north-east through St. George’s Channel and the Irish 1 
Sea, and meeting a branch coming round the west coast of Ireland, 
the united wave, after having carried high water to the west coast of 
England and all the coasts of Ireland, turns round the most northern- 
point of Scotland and arrives at Aberdeen at noon on the second day, 
at the same time carrying high water to the opposite shores of Nor- 
way and Denmark! Now this tidal wave flows to the east of south, 
a direction exactly contrary to that with which it began its transit 

TK & 
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through the Atlantic, and it continues this course, ruling the tides 
along the English shores and those of the opposite continental coasts 
till it arrives at the mouth of the Thames at midnight of the second 
day, and does not bring high water to London till the naming of the 
third day after leaving the Antarctic Ocean. 

The tidal wave moves uniformly and with great velocity in deep 
water, variably and slow in shallow water. For example, it moves 
atPthe rate of 1000 miles an hour in the South Pacific, and scarcely 
less in the Atlantic, on account of the deep trough which runs 
through the middle of that ocean ; but the sea is so shallow on the 
British coasts, that the tide takes more time in coming from Aber- 
deen to London than to travel over an arc of 120° — that is, from 60° 
S. lat.lto60 o N. lat. # 

The tide in the open ocean is merely an alternate rise and fall of 
the water, so that the wave travels, but not the water. A bird resting 
on the surface is not carried forward as the waves rise and fall ; 
indeed, if so heavy a body as water were to move at the rate of ,1000 
miles in an hour, it would cause universal destruction, since lfr the 
most violent hurricanes the velocity of the wind scarcely exceeds 
100 miles in an hour. #■ 

JQpxmg the passage of the wave in deep water, the particles of the 
fluid for the moment glide into a new arrangement, and then return 
to their places ; but this motion is extremely limited. In the ocean 
the resistance of the bottom is imperceptible ; but in shallow water, 
where the velocity of the wave is small, its lower parts are more 
retarded than those above, and as the friction continually increases 
with the progress of the wave, its top advances more rapidly than 
the water below, so thalPover shallows and near the land both water 
and waves advance during the flow of the tide and roll oirthe beach. 

The height to which the tides rise depends npon the form of the 
shores and bottom of the sea and the direction in whidfc the wave 
strikes the land. Throughout the Atlantic the heigh tljilO or 12 
feet ; but the tidal wave rushes so directly into the Baym Fundy, 
that it rises to 50 feet, and from the shelving shores in the Bristol 
Channel it 4 is 40 feet. When the tide enters the North Sea, to the 
north of Scotland, its height is 12 feet; but in travelling south 
along the east coast qf England over a continually shelving shore, 
and striking the land always more directly, the waiter rises higher 
and higher at each place till in the Humher it attains 20 feet. 

It sometimes happens that t»\o equal tides coming different ways 
meet, and, then the water rises to double the height it would other- 
wise have done. A complete extinction of the tide takes place when 
a high water interferes in the same manner with a low water, as in 
the centre of the North Sea; a circumstance predicted by theory 
and confirmed by Captain Hewett, who was not aware that such an 
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interference existed. When two unequal tides* in contrary phwjes- 
meet, the greater overpowers the lesser, and the resulting height is 
equal to their difference, which is supposed to be the case at Yar- 
mouth, where the tide is very small. These varieties occur chiefly 
in channels among islands and in the estuaries of rivers. When a 
tide flows suddenly up a river encumbered with shoals, it checks the 
descent of the stream ; the water spreads over the panels, and a high- 
crested wave, called a bore, is driven with force up the channel. 
This occurs in the Hoogly mouth of the Ganges, and in the Amazon 
at the equinoxes, where, during three successive days, five of these 
destructive waves, from 12 to 15 feet high, follow one another up 
the river daily ; and it occurs in a less degree in some of our British 
rivers. 

Both the height and time of the tides vary with the moon’s age. 1 

The friction of the wind combines with t^p tides in agitating the 
surface of the ocean, aifcl, according to the theory of undulations, 
each produces its effect independently of the other ; wind, however, 
not only raises waves, but causes a transfer of superficial water also. 
Attraction between the particles of air and water, as well as the 
* pressure of the atmosphere, brigg its lower stratum into adhesive 
contact with the surface of tlS3 sea. If the motioy of the wind be 
parallel to the surface, there will still be friction, but the water Will 
be smooth as a mirror ; but if it be inclined, in however small a 
degree, a ripple will appear. The friction raises a minute wave, 
whose elevation protects the water beyond it from the wind, which" 
Consequently impinges on the surface at a small distance beyond ; 
thus ehch impulse, combining with the other, produces an undulation 
which continually advances. ^ 

Those beautiful silvery streaks on the surface of a tranquil sea, 
called cats’-paws by sailors, are owing to a partial deviation of the 
wind from a horizontal direction. The resistance of the water in- 
creases with the strength and inclination of the wind. The agitation 
at first extends little below th^ surface, but in long-continued gales 
even the deep water is troubled : the billows rise higher and higher, 
aud, as the surface of the sea is driven before the wind, their 
“monstrous beads,” impelled beyond the perpendicular, fall in 
wreaths of foam. Sometimes several waves overtake one another 
and form a sublime and awful sea. The highest waves known are 
those which occur during a north-west gale off the Cape of Good 
Hope, aptly Called by the ancient Portuguese navigators the Cape of 
Storms : Cape Horn also seems to be the abode of the tempest. The 
sublimity of the scene, united to the threatened danger, naturally 
leads to an over estimate of the magnitude of the waves, which 
I 

1 ftfr. Keith Johnston’s Phys. Atlas, in folio. 
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appear to rise mountains high, as they aTe proverbially said to do. 
There is every reason to believe that the waves off the Cape of Good 
Hope are occasionally 40 feet from the hollow trough to the summit, 
for Dr. Scoresby observed them to be of that height both in the 
Atlantic and during a cyclone he met with in his voyage to Aus- 
tralia in the Great Charter. 1 * The waves are short and abrupt in 
small shallow seas, and on that account are more dangerous than the 
loijg rolling billows of the wide ocean. 

“ The sea-shore after a storm presents a scene of infinite grandeur. 
It exhibits the expenditure of gigantic force, which impresses the 
mind with the presence of elemental power as sublime as the water- 
fall or the thunder. Long before the waves reach the shore they 
may be said to feel the bottom as the water becomes shallower, for 
they increase in height but diminish in length. Finally, the wave 
becomes higher, more J>ointed, assumes a form of unstable equili- 
brium, totters, becomes crested with foam, breaks with great violence, 
and, gontinuing to break, is gradually lessened in bulk till it ends in 
a fringed margin.” 51 

*The waves raised by the wind are altogether independent of the 
tidal waves ; each maintains its undisturbed course, and as the ine- ^ 
qualities of the coasts reflect them ki all directions, they modify 
those they encounter and offer new resistance to the wind, so that 
there may be. three or four systems or series of coexisting waves, all 
going in different directions, while the individual waves of each main- 
tain their parallelism. 

The undulation called a ground-swell, occasioried by the con- 
tinuance of a heavy gale, is totally different from the tossing of the 
billows, which is confined to the area vexed by tbp wind ; whereas 
the ground-swell is rapidly transmitted through tip, ocean to regions 
far beyond the direct influence of the gale that raised it, and it con- 
tinues to heave the smooth and glassy surface of the deep long after 
the wind and the waves are at rest. In the South Pacific, billow s 
which must have travelled 1000 milgs against the trade-wind from 
the seat of the storm, expend their fury on the lee side of the many 
coral islands which bedeck that sunny sea. 3 Thus a swell sometimes 
comes from a quarter in direct opposition to the wind, and occa- 
sionally from various points of the compass at the same time, pro- 
ducing a vast commotion even in a dead calm, without ruffling the 
surface. They are the heralds that point out to the mariner the 
distant region where the tempest has howled, and not unfrequently 

1 Dr. Scoresby *s Observations in the Atlantic, made with greater care than 
had been hitheito employed, confirm this result. — Pioceedings of British 

Association, 1850. 

3 J. Scott Russel], Esq., on Waves. 

3 Beechey’s Voyage to the Pacific. 
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they are the harbingers of its approach. At the margin of the polar 
ice, in addition to other dangers, there is generally a swell which 
would be very formidable to the mariner in thick weather, did not 
the loud grinding noise of the ice warn him of his approach. 

Heavy swells are propagated through the ocean till they gradually 
subside from the friction of the water, or till the undulation is checked 
by the resistance of land, when they roll in surf to the shore, or dash 
in spray and foam over the rocks. The rollers a%the Cape de Verd 
Islands are seen at a great distance approaching like mountains. 
When a gale is added to a ground-swell, the commotion is great and 
the force of the surge tremendous, tossing huge masses of rock and 
shaking the cliffs to their foundations. During heavy gales on the 
coast of Madras the surf breaks in nine fathoms water at the distance 
of four and even four and a half miles from thq shore. The violence 
of the tempest is sometimes so intense as to quell the billows and 
scatter the water in a heavy shower calleTl tyr sailors spoondrift. 
On such occasions saline particles have impregnated the air to the 
distance of fifty miles inland. 

The force of the waves in gales of wind is tremendous. From ex- 
periments made by Mr. A. Stevenson, the celebrated engineer of the 
Skerryvore lighthouse, on th# west coast of Scotland, exposed to the 
whole fury of tlie« Atlantic, it appears that the average pressure of 
the waves during the summSr months was equal to Oil pounds 
weight on a square foot of surface, while in winter it was 2086 
pounds, or three times as great. During the storm that took place 
on the 9th of ^darch, 1845, it amounted to 6083 pounds. Now, 
as the pressure of a wave 20 feet high not in motion is only about 
half a ton on a square foot, it shows how much of their force waves 
owe to their velocity. The rolling breakeft on the cliffs on the west 
coast of Ireland are magnificent : the Earl of Dunraven measured 
\ some, the spray of which rose as high as 150 feet. 

In the Isle of Man a block, which weighed about 10 stone, was 
lifted fromits place and carried inland during a north-westerly gale ; 
and in the Hebrides a block of 42 tons weight was moved several 
feet by the force of the waves. The Bell Rock lighthouse in the 
North Sea, though 112 feet high, is literally buriqd in foam and 
spray to the very top during ground-swells when there is no wind. 
On the 20th of November, 1827, the spray #ose 117 feet, so that the 
pressure was computed by Mr. Stevenson to be nearly three tons on 
a square foot. ^ 

The effect of a gale descends to a comparatively small distance 
below the surface ; the sea is probably tranquil at the depth of 200 or 
300 yards ; were it not so, the water would be turbid and marine 
animals would be destroyed. Anything that diminishes the friction \ 
of the wind smSbths the surface of the sea — for example, oil or a small j 
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sdftiNnrof packed ice, which suppresses even a swell. When the air 
ismoist, its attraction for water is diminished, and consequently so is 
the friction ; hence the sea is not so rough in rainy as in dry weather. 

Currents of various extent, magnitude, and velocity disturb the 
tranquillity of the ocean ; some of them depend upon circumstances 
permanent as the globe itself, others on ever-varying causes. A 
perpetual circulation is kept up in the waters of the main by these 
vast marine streqjns; they are sometimes superficial and some- 
tithes sub-marine, according as their density is greater or less than 
that of the surrounding sea. But although they depend upon the 
same cause as the trade- winds, they differ essentially in this respect, 
that whereas the atmosphere is heated from below by its contact 
with the earth, and transmits the heat to the strata above, the sea 
is heated at its surface by the direct rays of the sun, which produces 
a strong and rapid evppbration, especially in the tropical regions of 
the ocean, where th^sea greatly exceeds the land in extent. 

It is computed that 186,240 cubic miles of water is annually 
raised "from the surface of the globe in the form of vapour chiefly 
from the intertropical seas, part of which is restored to them in rain, 
but by far the greater part is carried by the winds to water the land 
and feed all the rivers and streams on the surface of the earth ,*^he 
enormous^quantit^ of water thus carried off by evaporation flHEhe 
warm seas, which amounts to 139,680 cubic miles in the firaian 
and Pacific Oceans alone, disturbs the equilibrium of the seas, but 
it JLs restored by a perpetual flux of cold water from each pole towards 
the equator. 

When these streams of cold water leave the potes, they flow 
directly towards the equator ; hut before proceeding fA$their motion 
is deflected by the diuma? rotation of the earth. At the poles they 
have no rotatory motion, and although they gain it more and more 
in their progress to the equator, which revolves at the rate of 
1000 miles an hour, they arrive at the tropics before they have 
gained the same velocity of rotation Tvith the intertropical ocean. 
On that account they arc left behind, and consequently flow in a 
direction contrary to the diurnal rotation of the earth. Hence the 
whole surface of the ocean for 30 degrees on each side of the equator 
flows in a stream or current 3000 miles broad from east to west. 
The trade-winds, which constantly blow in ope direction, combine to 
give this great equatorial current a mean velocity of ten or eleven 
miles in 24^ourg. 1 

As soon as the water at the surface of the tropical seas becomes 
denser and salter than that immediately below from the evaporation, 

, l Winds are named from the points whence they blow, currents exactly the 
reverse. An easterly wind comes from the east ; whereas easterly cunent 
comes from the west, and flows towaids the east. *?• 
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it' sinks down, leaving a new surface to be acted upon, and were it 
not for tbe inhabitants of the deep, the buoyancy of those seas 
would be impaired. Insignificant as they may seem, the mollusca, 
coralines, and Other marine animals which abound in such myriads 
at the bottom of the sea, bear so important a part in these great 
operations of nature that Lieutenant Maury says, “ they have power 
to put the whole sea in motion from the equator to the poles and 
from top to bottom.” By abstracting the solid matter from the 
water to build those immense coral reefs and islands, marl beds, 
shell beds, and infusorial deposits of enormous magnitude, it becomes 
buoyant, rises to the top, and supplies the place of that which has 
gone down, and which, in its turn, furnishes materials for new 
deposits, and a new supply of water for the surface, an alternation 
as permanent as the currents themselves, and one of the most 
wonderful and beautiful adaptations of small means to a great end. 
The direct heat of the sun also increases the buoyancy of the water 
which flows in superficial currents towards the poles, but in going 
from the equator, where the rotation of the earth is at its maximum, 
to the poles where there is none, they are deflected more and more 
towards the west, and gradually losing their warmth, they become 
heavy, sink down, and return %gain as under currents to join the 
equatorial stream. • Thus polar currents flow to*the equator, and 
equatorial currents flow to the poles in a never-ending circuit 
coeval with the ocean itself, and which will be coexistent with it 
while time endures. This perpetual fluctuation of the waters of the 
ocean between # the polar basins and the equator, as they becohte 
alternately warm and cold, is the cause of that admirable system of 
currents which combine with the winds to mitigate the cold of the 
friged zone and temper the heat of the toriSd. 

The equatorial current of the Pacific and Indian Ocean may be re- 
garded as one mighty stream floVing from east to west, through about 
255 degrees of longitude. It crosses tbe Pacific in a current nearly 
3500 miles broad, between the parallels of 26° S. and 24° N. lat,, 
thus spreading over nearly one-third of the distance from pole to 
pole. Its breadth is much diminished in coming to the Indian 
Archipelago, as in the Indian Ocean it flows betweep the 10th and 
20th degrees of south latitude. 

In the North Pacific there are many offsets from the main flow, 
but by far the most remarkable originates in the Indian Ocean. It is 
known as the Chinese current, or the North-Pacific Gulf-stream. It 
flows through the Strait of Malacca, and after being joined by warm 
streams from the Java and China Seas, it passes into the Pacific 
between the Philippines and the coast of Asia, from thence it flows to 
temper the climate of the Aleutian Islands, and is lost in its pro- 
gress towards coast of North America. Between this and the 
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coast of Japan, a cold current comes from the sea of Okhotsk, which 
is as much celebrated for its fisheries as the cold stream which flows 
over the great banks of Newfoundland in the Atlantic. It causes 
dense fogs on the coasts of Jesso, the Kurile Islands, and Kamts- 
chatka, for the same reason that the Gulf-stream occasions those 
on the banks of Newfoundland. 

The two great oceans under consideration being all but land- 
locked to the north, the principal exchange of warm and cold water 
is* between the southern side of the equatorial current and the 
Antarctic Ocean. The warm streams, which that current sends off 
in the Indian Ocean, must be of great magnitude, on account of the 
immense evaporation that arises from water often at the temperature 
of 90° Fahrenheit. One of these leaves the main stream between 
Africa and Australia, .which, flowing south, ends in a motionless sea 
of weeds similar to the •grassy sea in the Atlantic. 

The equatorial current in the Indian Ocean is divided as it 
approaches Madagascar; one part runs to the north-west, bends 
round^the northern end of Madagascar, flows through the Mosam- 
bique Channel, and being joined by the other branch, it doubles 
the Cape of Good Hope outside of the Agulhas Bank, and meeting 
with a warm current from the Atlintac coming along the African 
coast, they unite 'in a stream 1600 miles broad, and flow to the 
south. Cold currents from the Antarctic Ocean come on each side of 
the weedy sea, one of which sometimes brings icebergs as low as 
the 40th parallel. 

* In the South Pacific Mr. Maury has discovered a very large branch 
which leaves the equatorial flow midway between the coast Mz 
America and Australia, which, after a winding course, tends to tmy 
Antarctic Sea. This current enabled Sir James Ross to penetrate 
farther to the south than Captain Wilks ; it is the highway to the 
Antarctic Seas. On each side of income cold currents from the 
south, one along the coast of Australia, and the other known ap 
Humboldt’s current, in some places nearly one thousand fathoms 
deep, which runs along the South American coast, tempering the 
heat of the rainless shores of Peru, and which is felt even at the 
equator for a distance of 3500 miles from the American coast. Be- 
tween this current and the great equatorial flow, lies the “ Desolate 
Region,” an area of the«ocean that ships never crossed till the dis- 
covery of the gold mines in Australia and the Guano islands of 
Peru. Whales rarely come near it ; even the sea-birds which so 
frequently accompany ships in these southern seas abandon them on 
approaching it, and the sea itself is barren of animal life. 

Drift currents depend upon the winds. The Pacific is under the 
influence of the trade-winds, which produce constant currents ; and 
the monsoons, which cause drift currents, setting atf ornately in one 
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direction and then in the other, prevail chiefly in the Indian Ocean. 
These periodic winds, depending on the seasons, regulate the navi- 
gation both in the Bay of Bengal and Arabian Seas. Temporary 
currents raised by partial evaporations, changes in atmospheric 
pressure, and very heavy rains are frequent in the tropical regions. 

The great equatorial current in the Atlantic sends off the branch 
already mentioned along the South African coast, which ends in the 
Antarctic Ocean, and from that South Polar Ocean an ice-bearing 
current, passing east of Cape Horn, brings icebergs even to 
37° S. lat., which is the nearest approach to the equator they have 
been hitherto seen in. 

The equatorial Atlantic current pursues its western course, 160 
miles broad, to mid-ocean, where it sends off the north western 
branch, and, on arriving at San Roque, on the American coast, it is 
divided into the Brazil and Guayana currents, the first of which 
sets along the South- American shores, so strongly, that it is not 
deflected by the mass of water flowing into it from the Rio de La 
Plata, yet it is lost before arriving at Cape Horn. The Guayana 
branch, by much the largest, undisturbed by the powerful rivers 
Amazon and Orinoco, flows to the West-Indian Islands; there it 
joins the main equatorial flow^ and united they enter the Carib- 
bean Sea, after a course of*4000 miles across the Atlantic, with 
s^Pllocity varying* with the seasons, but on an average about 
30 miles in 24 hours. From *the Caribbean Sea it sweeps round 
the Gulf of Mexico and rushes through the Strait of Florida, the 
mightiest and # most beautiful oceanic stream in existence ; i£? 
source under the tropic of Cancer, its mouth in the Arctic Ocean. 
Its current is more rapid than those of the Mississippi or the Ama- 
zon, and its volume a thousand times as #i great. In the strait of 
Florida it is 32 miles wide, 2220 feet deep; and flows at the rate of 
4 miles an hour. Its waters are of the purest ultra-marine blue, as 
far as the coasts of Carolina, and so completely is it separated from 
the sea through which it flows, so sharp the line of separation, that 
a ship may be seen at times.half in the one and half in the other. 
It is of high temperature at the surface, being 86° of Fahrenheit 
at the strait of Bimini, and after running 3000 miles to jhe north, it 
still preserves a summer heat, yet its banks and bottom are cold. As 
it proceeds in its northern course, the rbtation of the earth makes it 
deviate towards the east, affecting, as nearty as possible, a great 
circle of the sphere, the shortest distance between two points on its 
surface, which is the course of currents in general, whether of air or 
water, unless diverted by local circumstances. The Gulf-stream, 
in its course towards the British Islands, the North Sea, and the 
Frozen Ocean, follows this law. From Florida to Cape Hattaras, it 
actually runs uphill five or six feet in a mile, for it does nQt mix 
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^tK the ocean, and it is deeper at Cape Hattaras than in the narrows 
of Bimini* At Cape Hattaras it begins to increase in width, it is 
deflected nearly to the east by the banks of Newfoundland, and be- 
tween 38* and 40° W. long, it spreads out like a fan from the Canaries 
to the Arctic Ocean, and extends longitudinally to the Baltic, the 
North Sea, and to the coasts of Norway and Spitsbergen. The origin 
of these currents is recognised by their greater warmth, even among 
the polar ice, and in consequence of some of them, the Spitsbergen Sea 
is six or seven degrees warmer at the depth of 200 fathonjlfihan at 
the surface. Thus the warmth of that great oceanic river tempik the 
severity of the climates even to Spitsbergen, and, but for Its mild 
influence, the shores of the British Isles would be ice-bound- hi 
June like those of Labrador. Lieutenant Maury says, though fcbe 
warmth of the Gulf-stream diminishes as it runs north, the quantify 
of heat which it spreads over the Atlantic in a winter's day would 
be sufficient to raise the, whole atmosphere that covers France and 
Great Britain from the freezing point to summer-heat, which is the 
principal cause of the mildness and damp of Ireland and of the 
south of England. 

Towards the Azores a portion of the Gulf-stream bends round, 
and, after uniting with Rennell's current, from the British Channel 
runs along the African coast, and rejoihs the great equatorial flow, 
having made a circuit of 3800 miles with varying velocity, leaviri^a 
vast space of nearly motionless water between the Azores^jfce Ca- 
naries, and Cape de Verd Islands of 26(5,000 miles — alnrnst'^^kim^s 
ae large as the whole of Germany. This great area }s the Grpt^or 
Sargasso Sea, so called from its being so thickly covered with the 
sea-weed called the Fucus or Sargassum natans, 1 that at a certain 
distance it seems solid j enough to walk upon. These sea-weeds 
probably grow on the spot, but the rotation of the earth is partly 
the cause of this great accumulation, because every thing that 
floats on the Gulf-stream, as well as the stream itself, tends to 
the east, on account of the rotatory motion ; so the weeds and 
substances that come from other parts of the Atlantic to the Gulf- 
stream are carried across it to its eastern side. The bodies of 
animals, and plants of unknown appearance to Columbns and his 
companions, brought to the Azores by this cause, suggested to 
that great man the idea of land beyond the Western Ocean, and 
thus led to the discovery of the New World. 

It is a common practice with navigators to throw bottles over- 
board, containing the date and position of the ship. A chart has 
beeh formed, showing the direct course a number of these bottles 

1 The Macrocystis Pypfera is also found in the Grassy Sea; the stem is not 
thicker than a man's Unger, but from 1000 to 1500 feet long, branching up- 
wards in filaments like packthread. 
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have taken in the Atlantic, from whici it appears that those thrown 
in south of the 46? N. lat. arrive either at the Gulf of Mexico or 
the West Indies, and all those committed to the deep north of that 
parallel reach the coasts of Europe by the Gulf-stream or its 
branches ; Lieut. Maury mentions, however, an instance of a bottle 
thrown overboard from an American ship off Cape Horn, in 1837, 
being lately found on the coast of Ireland. 

In the Atlantic, the trade winds only blow steadily between the 
parallels of 23° N. and 9° S. lat., and between these limits drift- 
currents run with a velocity of from 9 to 10 miles in 24 hours. *in 
the calm regions these currents are very feeble, and in the extra- 
tropical seas, like the prevailing winds, the drift currents are not so 
steady, they do not always flow in the same direction, nor with the 
same velocity. 

The oceanic streams exceed all the rivers in the world in breadth 
and depth as well as length. The equatorial current in the Atlantic 
is 160 miles broad off the coast of Africa, and towards its mid-course 
across the Atlantic its width becomes nearly equal to the length of 
Great Britain ; but as it then sends off a branch to the N.W., it is 
diminished to 200 miles before reaching the coast of Brazil. The 
depth of this great stream is unknown ; but that of the Brazilian 
branch must be very great, sinfce it is not deflected by the river La 
Plata, which crosses it with so strong a current that its fresh muddy 
waters are perceptible 500 milfcs from its mouth. When currents 
pass over banks and shoals, the colder water rises to fhe surface and 
gives warning of the danger. 

In summer the great north polar current descending along the eaSt 
coast of Greenland, together with the current from Davis Strait, 
bring icebergs to the margin of the Gulf-stream. The difference 
between the temperatures of these two Oceanic streams at theit* 
contact is the cause of the dense fogs that hang over the bknks of 
Newfoundland. The north pfllar current runs inside of the Gulf- 
stream, along the coast of North America to Florida, and beyond it, 
since it sends an under-current into the Caribbean Sea. The fish 
which abound to excess in this cold current never enter the Gulf- 
stream, whose existence was made known by the whales avoiding 
its warm waters. Counter-currents on the surface qre’of such fre- 
quent occurrence, that there is scarcely a strait joining two seas that 
does not furnish one,— a current running in along one shore, and 
a counter-current running out along the other. One of the most 
remarkable occurs in the Atlantic : it begins off the coast of France, 
and, after sending a mass of water into the Mediterranean, it follows 
a southerly direction at some distance from the continent of Africa ; 
till, after passing Cape Mesurada, it flows rapidly for 1000 miles due 
east to the Bigh^of Biafra, in immediate contact with the equatorial 
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current, tunning with great velocity in the opposite direction; it 
appears finally to merge in the latter. 

Periodical currents are frequent in the eastern seas : one flows 
into the Bed Sea from October to May, and out of it from May to 
October. In the Persian Gulf this order is reversed ^ in 4he Indian 
Ocean and China Sea the waters are driven alternately in opposite 
directions by the monsoons. It is the south-westerly monsoon 
that causes inundations in the Ganges, and a tremendous surf on the 
coa$t of Coromandel. The tides also produce periodical currents on 
th# coasts and in straits, the water running in one direction during 
the flood, and the contrary way in the ebb. The Roost of Sum- 
burgh, at the southern promontory of Shetland, runs at the rate of 
15 miles an hour; indeed the strongest tidal currents known are 
among the Orkney and Shetland islands ; their great velocity arises 
from local circumstances. Currents in the wide ocean move at the 
rate of from one to tjifee miles an hour in their centre ; but the 
velocity is less at the sides and bottom of the stream, on account of 
friction. 1 

Whirlpools are produced by opposing winds and tides ; the whirl- 
pool of Maelstrom, on the coast of Norway, is occasioned by the 
meeting of tidal currents round the islands of Lofoden and Moskoe ; 
it is a mile and a half in diameter* and so violent that its roar is 
heard at tjie distance of several leagues. 

Although wjth winds, tides, and currents, it might seem that the 
ocean is ever in motion, yet in the equatorial regions, far from land, 
dqad calms prevail ; the sea is of the most perfect stillness day after 
day — partaking of the universal quiet, and heaving its low flat 
waves in noiseless and regular periods as if nature were asleep. Yet 
these calm regions are sgmetimes disturbed by a superficial tumult 
in the ygater called tide-raps, which move along with a threatening 
aspect and roaring noise. 

The safety and length of a voyage depends upon the skill with 
which the navigator avails himself of the set of the different currents, 
and the direction of the permanent an ( d periodical winds ; it is fre- 
quently shortened by following a very circuitous track to take 
advantage of them if favourable, or to avoid them if unfavourable. 
From Acapulco* in Mexico, across the Pacific to Manila or Canton, 
the trade-wind and the equatorial current are so favourable that the 
voyage is accomplished >in 50 or 60 days ; whereas, in returning, 90 
or 100 are required. Within the Antilles navigation is so difficult 
from winds and currents, that a vessel, going from Jamaica to the 
lesser Antilles, cannot sail directly across the Caribbean Sea, but 

1 The reader is referred to the works of Lieut. Maury and Mr. Keith John- 
ston, already mentioned, for a more extensive account of clients in the ocean. 
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must go round about through the windward passage between Cuba 
and Haiti to the ocean ; nearly as* many weeks are requisite to 
accomplish this voyage as it takes days to return. On account of 
the prevalence of westerly winds in the North Atlantic, the voyage 
from Europe to the United States is longer than that from the latter 
to Europe ; the Gulf-stream is avoided in the outward voyage, and 
advantage taken of it in returning. Ships going to the West Indies, 
Central or South America, from Europe, generally make the Canary 
Islands in order to fall in with the N.E. trade-winds, which copy 
them to within 10 degrees of the equator. 

The passage to the Cape of Good Hope from Great Britain may 
be undertaken at any season, and is accomplished in 50 or 60 
days ; but it is necessary to regulate the voyage from the Cape to 
India and China according to the season of the monsoons.. There 
are variou^courses adopted for that purpose, but all of them pass 
through tfl^iiry focus of the hurricane district, which includes the 
islands of Irodriguez, Mauritius, and Bourbon, and extends from 
Madagascar to the island of Timor. 

The shortest distance between any two points on the surface of 
the globe is the arc of a great circle ; hence the length of a voyage 
will depend upon the skill i^ keeping that line as nearly as the 
winds and currents will permit. The physical geography of the sea 
is now so well kndwn, and thp charts of the winds and currents are 
so perfect, that the mariner pursues his course across the trackless 
ocean with as much confidence and certainty as if it were a railway. 
Lieut. Maury gives an instance of two large ships which left New York 
for California, a distance of 15,000 miles. One, which was the fastest 
sailer, set out nine days later, overtook and spoke to the other off 
Cape Horn, passed on, and arrived firsts They were unconnected 
but running against time ; and after the Voyage, when their coursSSf 
were laid down on the chart, Jhey were all but identical. Another 
instance is given of a race between three vessels going the same long 
voyage, quite unconnected, who yet amidst all the vicissitudes of 
climate, winds, and currents, passed, repassed, and frequently re- 
cognised each other, as if they had been on a racecourse. 

The speed and accuracy with which the mail steamgrs and thou- 
sands of others are perpetually crossing and recrosshig the Atlantic 
nearly in the same track, has made the danger of collision so great, 
that Lieut. Maury has proposed that steafn lanes from 25 to 30 
miles broad should be agreed upon, one for steamers going to the 
United States and another for those returning, a scheme which the 
perfection of nautical science renders quite practicable. 

That peculiarly elegant class of steamers, with screw propellers, 
known as clippers, has been brought to such perfection in Great 
Britain and Aperies, that they are employed for long voyages all 
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Over the globe, and have given an entirely new character to navi- 
gation. The voyage of th& Royal Charter from England to Aus- 
tralia shows the wonderful speed of these beautiful vessels. For 
46 days after leaving Plymouth the ship sailed at the^rate of 200 
miles in 24 hours, and in 50 days she had passed over more, than 
one-half of the circumference of the globe. For twelve consecutive 
days she went at the rate of 292 miles a-day, for six her speed 
was 300 miles in 24 hours under canvas alone, and Dr. Bcoresby, the 
celebrated arctic navigator, who went as passenger, in order to ascer- 
tain the effect of an iron ship on the compass, thought her “ a model in 
naval architecture, and as nearly as possible perfect.** They met with 
a cyclone or hurricane, yet in the most cross and tremendous seas, 
40 feet high, the ship was so steady and dry that the ladies walked 
on the* poop, and Mrs. Scoresby even went to the forecastle to see 
the manner in which the ship avoided these high and fearfully- 
threatening waves, guidfd by the skill of a first-rate seaman. 

In the year 1838 steamers from New York navigated five and a half 
millions of miles, with nearly sixteen millions of passengers, with 
only two accidents, and the loss of eight lives. 

The extensive deposits of coal discovered in Australia, New Zea- 
land, in the British settlement at I^ibuan, and on the neighbouring 
shores of Botneo* in Chile, and in Vancouver Island, will be the 
means ofrincreasing the steam-navigation of the* Pacific, and short- 
ening the voyages upon that ocean. 

Sea- water is a bad conductor of heat, therefore the temperature of 
tke ocean is less liable to sudden changes than the atmosphere ; the 
influence of the seasons is imperceptible at the depth of 300 feet ; 
and as light probably does not penetrate lower than 700, the direct 
heat of the sun cannot affect the bottom of a deep sea. It has been 
^established beyond a doflbt that in all parts of the ocean the water 
has a constant temperature of about Q9 0, 5 of Fahrenheit, at a certain 
depth, depending on the latitude. At the equator the stratum of 
water at that temperature is at the depth of 7200 feet; from thence 
it gradually rises till it comes to the surface in S. lat. 66° 26', where 
the water has the temperature of 39°*5 at all depths ; it then gra- 
dually descends till S. lat. 70°, where it is 4500 feet below the 
surface. In gbing north from the equator the same law is observed. 

. Hence, with regard to temperature, there are three regions in the 
! ocean, one equatorial and two polar. In the equatorial region the 
mean temperature of the water at the surface of the ocean is 82 0, 4 
of Fahrenheit, therefore higher than that of the stratum of 39°*5, 
..while in the polar regions it is lower. Thus the surface of the 
stratum of constant temperature is a curve which begins at the depth 
of 4500 feet* in the southern basin, from whence it gradually rises to 
the surface in S. lat 56° 26' ; it then sweeps down t^ 7200 feet at the 
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equator, and rises up again to the surface in the corresponding 
northern latitude, from. whence it descends again to a depth of 4600 
feet in the northern basin. 

The temperature of the surface of the ocean decreases from the 
equator to the poles. For 10 degrees on each side of that line the 
maximum is 82 0, 4 of Fahrenheit, and remarkably steady ; from 
thence to each tropic the decrease does not exceed 3°*7. The tropical 
temperature would be greater were it not for the currents. In the 
torrid zone the surface of the sea is about 6 0, 11 of Fahrenheit warmer 
than the air above it, because the polar winds, and the great evapo- 
ration which absorbs the heat, prevent equilibrium ; and aB a great 
mass of water is slow in following the changes in the atmosphere, 
the vicissitude of day and night has little influence, whereas in the 
temperate zones it is perceptible. 

The line of maximum temperature, or that which passes through 
all the points of greatest heat in the ocean; is very irregular, and 
does not coincide with the terrestrial equator; six-tenths of its 
extent lie on an average 5° to the north of it, and the remainder 
runs at a mean distance of 3° on its southern side. It cuts the 
terrestrial equator in the middle of the Pacific Ocean in 21° E. 
longitude in passing from the northern to the southern hemisphere, 
and again between Sumatra and^the peninsula of Malacca in return- 
ing from the southern to the northern. Its maximum temperature 
in the Pacific is 88°*5 of Fahrenheit on the northern chores of New 
Guinea, where it touches the terrestrial equator, and its highest 
temperature in the Atlantic, which is exactly the same, lies in thp 
Gulf of Mexico, which furnishes the warm water of the Gulf-stream. 

The superficial water of the Pacific is much cooled on the east by 
the Antarctic, or Humboldt’s current. It js more than 14° colder 
than the adjacent ocean, and renders the* air 11° cooler than the 
surrounding atmosphere. 

In the Indian Ocean the highest temperature of the surface-water 
(87°*4) is in the Arabian Sea, between the Strait of Bab-el-Mandeb 
and the coast of Hindostan. , 

The superficial temperature diminishes from the tropics with the 
increase of the latitude more rapidly in the southern than in the 
northern hemisphere. 

Icebergs come to a lower latitude by 10° from the south pole than 
from the north ; they have been seen near the Cape of Good Hope, 
and are often of great size ; one observed by Captaint Dumont d’Ur- 
ville was 13 miles long, with perpendicular sides 100 feet high 
above the water : they are less varied in shape than those in the 
northern seas. The discovery ships under the command of Sir 
James Ross met with multitudes with flat surfaces, bounded by 
perpendicular cliffs on every side, from 100 to 180 feet high, some- 
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times several miles in circumference. Their size must have been 
enormous, since more than two-thirds of their mass was below water. 
From the condensation of moisture in the surrounding air by 
their cold, they are often enveloped in mist, which makes them 
still more formidable to navigators. On one occasion the latter 
officer fell in with a chain of stupendous bergs close to one another, 
extending farther than the eye could reach even from the mast-head. 
Packed ice too is often in immense quantities : these ships forced 
their way through a pack 1000 miles broad, often tinder the most 
appalling circumstances. It generally consists of smaller pieces than 
the packs in the comparatively tranquil North Polar seas, where 
they are often several miles in diameter, and whore fields of ice 
extend beyond the reach of vision. The Antarctic Ocean, onjthe 
contrary, is almost always agitated ; there is a perpetual swell, ahd 
terrific storms are common, which break up the ice and render 
navigation perilous. . The doe pieces are rarely a quarter of a mile 
in circumference, and generally much smaller. 

A jnore dreadful situation can hardly be imagined than that of 
ships beset during a tempest in a dense pack of ice in a dark night, 
thick fog, and drifting snow, with the spray beating perpetually over 
the decks and freezing instantaneously. Sir James Ross’s own 
words can alone give an idea of the terrors of one of the many gales 
which the two ships under his command encountered ; — “ Soon after 
midnight ouj; ships were involved in an ocean of rolling fragments of 
ice, hard as floating rocks of granite, which were dashed against them 
t by the waves with so much violence, that their masts quivered as if 
they would fall at everj r successive blow ; and the destruction of the 
ships seemed inevitable from the tremendous shocks they received. 
In the early part of the, storm the rudder of the Erebus was so muGh 
damaged as to be no longer of any use ; and about the same time I 
was informed by signal that the Terror’s was completely destroyed 
and nearly torn away from the sterh-post. Hour passed away after 
hour without the least mitigation of the awful circumstances in which 
we were placed. *The loud crashing ijoise of the straining and work- 
ing of the timbers and decks, as they were driven against some of 
the heavier pieces of ice, which all the exertions of our people could 
not prevent, i was sufficient to fill the stoutest heart, that was not 
supported by trust in Him who controls al| events, with dismay ; 
and I should commit *an act of injustice to my companions if I did 
not express my admiration of their conduct on this trying occasion. 
Throughout a period of 28 hours, during any one of which there 
appeared to be very little hope that we should live to see another, the 
coolness, steady obedience, and untiring exertions of each individual 
were every w r ay worthy of British seamen, 

“ The storm gained its height at 2 p.m., when tfre barometer stood 
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at 28*40 inches, and after that time began to rise. Although we had 
* been^forced many miles deeper into the pack, we could not perceive 
thawne swell had at all subsided, our ships still rolling and groaning 
amidst the heavy fragments of crushing bergs, over which the ocean 
rolled its mountainous waves, throwing huge masses upon one 
another, and then again burying them deep beneath its foaming 
waters, dashing and grinding them together with fearful violence.” 

For three successive years were these dangers encountered during 
this hold and hazardous enterprise. It was impossible to pass* tfle 
winter in these southern seas, but in the various expeditions to the 
North Polar Ocean the ships were frozen fast in boundless fields of 
ice for many months, ready to continue their perilous voyage as 
soon as the late and short summer should break it up. 

The surface of the Arctic Ocean, filling thq area of a circle of 
between 3000 and 4000 miles in diameter, is always at the freezing 
point of fresh water, and in winter it is encircled by a zone of ice 
probably not extending much beyond the 82° of N. lat., as there is 
every reason to believe that there is an open ocean in the vicinity of 
the pole. The outline of this zone, though subject to partial varia- 
tions, i#found to be nearly similar at the same season of each suc- 
ceeding year, yet there are periodical changes in the ice which are 
renewed after a series of years. The freezing process itself js a bar 
to the unlimited increase of the oceanic ice. Fresh water congeals 
at the temperature of 32° of Fahrenheit, but sea- water must be re-, 
duced to 28°*5 before it deposits its salt and begins to freeze : the salt # 
thus set free and <the heat given out, retard the process of conge- 
lation more and more below. The ice from the north extends so far 
south in winter as to render the coast of Newfoundland inaccessible ; 
it envelopes Greenland, sometimes even Iceland, and always invests 
Spitzbergen and Novaia Zeralia. 

As the sun comes north the zone of ice breaks up into enormous 
masses of what is called packed ice. Floating fields of ice, 20 or 30 
mijes.m diameter, are frequent in the Arctic Ocean : sometimes they 
extend 100 miles, so closely pabked together that no opening is left 
between them : their thickness, which varies from 10 to 40 feet, is 
not seen, as there is at least two-thirds of the mass fcefow water: 
Sometimes these fields, many thousand millions of tons in weight, 
acquire a rotatory motion of g^eat velocity, dashing against one 
another with a tremendous collision. Packed ice always has a 
tendency to drift southwards even in the calmest weather ; and in 
their progress the ice-fields are rent in pieces by the swell of the sea. 
It is cqmputed that 20,000 square miles of drift-ice are annually 
brought by the current along the coast of Greenland to Cape Fare- 
well. In stormy weather the fields and streams of ice are covered 
with haze and spra^ from constant tremendous concussions ; yet our 
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sea men, undismayed by the appalling danger, boldly steer their 
ships amidst this hideous and discordant tumult. 

Huge Icebergs detached from enormous masses of ice that fill the 
Greenland Fiords are drifted southward 2000 miles to melt in the 
Atlantic, where they cool the water for 30 or 40 miles around, and 
the air to a much greater distance. They vary from a few yards ..to 
miles in circumference, and rise several hundred feet above the sur- 
face. Seven hundred such masses have been seen at once* in the 
^>olar basin. When there is a swell, the loose ice dashing against 
them raises the spray to their very summits, and as they waste away 
they sometimes lose their equilibrium and roll over, causing a swell 
which breaks up the neighbouring field-ice ; the commotion spreads 
far and wide, and the uproar resounds like thunder. , 

Icebergs have thf appearance of chalk- cliffs with a glittering, sur- 
face and emerald-groen fractures. Fools of azure-blue water lie on 
their surface, or fall in cascades from them. The field-ice also, and 
the masses that are heaped upon its surface, are extremely beautiful 
froA the vividness and contrast of their colouring. A peculiar 
blackness in the atmosphere round a bright haze at the horizon indi- 
cates their position in a fog, and their place and character Are shown 
at night by the reflection of tbrj ynow-liyht on the horizon. An 
experienced setunan can readily distinguish by the blink, as it is 
termed, whether the ice is newly* formed, heavy, compact, or open. 
The blink, or snow-light, of field-ice is the most lucid and is tinged 
with yellow ; of packed ice it is pure white ; ice newly formed has a 
greyish blink, and a deep-yellow tint indicates snow on land. 

The Pacific is only connected with the Arctic Ocean by Behring 
Strait, through which narrow channel a surface-current sets to the 
north, but the Atlantic penetrates far beyond the Arctic circle to 
the east of Greenland, and also into Davis Strait, which last spreads 
out into Baffin Bay, twice the size of the Baltic, very deep, and 
subject to ail the rigours of an Arctic winter, the very storehouse of 
icebergs, the abode of the walrus and the whale ; Baffin Bay itself 
is but the highway by Smith Strait* to the Polar Ocean, which 
occupies an area of a million and a half of square miles as yet unex- 
plored ill iiji northern prolongation. 

There is a perpetual circulation of water between the Arctic Ooean 
and the Atlantic. •Currents of cold water flow southwards on the 
surface of the Arctic Ocean into the Atlantic, while submarine cur- 
rents of wanner water come from the Atlantic to the Arctic. Seas : 
the freshness of the former from the melting of the ice as the. sun 
travels north, making it buoyant though cold ; ancAhe saltness of 
the other making it heavy, ; though comparatively warm. But in 
time the qualities of each are changed, and they return to. the oceans 
whence they came to maintain*the equilibrium ^>f the: seas. 
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The surface-current must he extremely powerful, for a field of ice, 
300,000 sq^iare mU^s in.ext^nt, carried # the Resolute firmly fixed in 
it jforlOOOmi^ to , the south. The Resolute had been abandoned 
by Captain Kellett some years , before sealed up in that mass of ice, 
at Ideiville Island, and was found in the midst of Baffin Bay by 
some /American whalers, by whom she was taken to the United States, 
purchased by the government of that country, and courteously re- 
stored to Her Majesty. Lieutenant De Haven, who was generously 
sent by the United States in search of Sir John Franklin, was frozen 
up for nine months in a field of ice of equal magnitude mid-channel 
in Davis Strait, and was carried by the current to the south for 1000 
miles. The average thickness pf the ice was 7 feet, and Lieut. 
Maury has, computed that an area of ice of 300,000 square miles 
7 feet thick, would weigh 18 billions of tons, and that a quantity 
of water many times greater would be required to float or drive this 
mass through Davis Strait. A quantity of water equal in weight 
to these two fields' of ice and the currents that’ carried them, 
must be replaced by warmer submarine currents from the-Atl an- 
tic, which passing under the ice must carry comparative warmth into 
the -Polar basin and prevent it from freezing. A remarkable instance 
of these , superficial currents occurred in 1827 when Sir Edward 
Parry, having reached latitude of 82° 45' by dragging his boat over 
fields of ice, was obliged to abapdon the bold and hazardous attempt 
. to reach the pole, in consequence of the current drifting* the ice south- 
ward more rapidly than he could travel over it to the north. 
v The submarine counter-currents which flow to the north appear to 
be even more powerful than the superficial currents that go south. 
Mr. Griffin mentioned, that when his ship and that of Lieutenant De 
Haven were steering in Baffin Bay against ^strong southern, surface- 
current, a tofty iceberg, also going against *thf) surface-current, waf 
carried with suph force and velocity by the under-current, that it 
went past them “ like a shot.’* 

Captain Duncan of the Dundee whaler gives a fearful account of 
the force of these submarine* currents in Davis Strait during the 
. winter months of 1826. “ It was awful to behold the immense ice- 

bergs working their way to the northward from us, and not one drop 
, of water to be seen ; they were working themselves right through the 
middle of. the ice.” Again on the 23rd of February the power of the 
under-current was still greater. “ The dreadful apprehensions that 
assailed us yesterday by the near approach of the iceberg were this 
day awfully verified. About 3 p.m. the iceberg came in contact with 
our floe, and in less than one minute it broke the ice. We were 
frozen in quite close to the shore ; the floe was shivered to pieces for 
. several miles, causing an explosion like an earthquake, or a hundred 
pieces of heavy ordnance fired at the same moment. The iceberg, 

* l 2 
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r With awful but majestic grandeur (in height and dimensions re- 
sembling a vast mountain), came almost up to our stern, and every 
one expected it would have run over us. The intermediate space 
between the berg and vessel was filled with heavy masses of ice, 
which, though they had been previously broken by the immense 
- weight of the berg, were again formed into a compact bocly by its 
pressure. The berg was drifting at the 'rate of 4 miles an hour, and 
by its force on the mass of ice, was pushing the ship before it, as it 
appeared, to inevitable destruction.” Id two days afterwards the ioe- 
berg had driven to the northward completely out of sight. 

If such be the case in Davis Strait there must be a similar system 
of reciprocal currents along the eastern coasts of Greenland, but on a 
greater scale ; and there, in addition to the submarine flow, there , 
are nfany warm branches from the Gulf-stream. 

All these circumstances are in favour of there being an open ocean 
at the pole, and the* more so, as it is known that the maximum of 
cold in the northern hemisphere is on the parallel of 80° N. lat. 

Captain Penny, who commanded the Lady Franklin, made many 
important discoveries in Wellington Channel, to the north-east M 
Parry islands, and among others the strait which bears his nari|§ 
which was free from ice, and frorr: a hill 800 feet high on Dundas 
island he saw such an extent of open sea and water-sky, that he 
concluded he had arrived at the Polar Oceam Captain Inglefield, 
also in search of Sir John Franklin, after making a complete survey 
of Baffin Bay, found that Smith Sound is merely a strait ^6 miles 
*broad between Cape Isabel in Ellesmere Island and Cape Alexander 
in Greenland. Passing through it, wind and current favouring, 
he attained to the 78° 28 r 21" N. lat. It was midnight, th$ sun . 
was gilding the northern horizon, when from the mast-head they 
saw to the north an unbounded expanse of open ocean. A strong 
north wind prevented them from* proceeding farther. Dr. Kane, 
a man of great energy and science, who by his heroic courage and 
generous character was an honour to his country and to the age, left 
New York with Lieutenant De Haven in the brig Advance, which 
as before mentioned was frozen up for nine months in Baffin Bay in 
an enormous field of ice. Dr. Kane left the ship with a party, and 
travelled for 300 miles over the ice, dragging their boats, in which 
they afterwards mac^e a voyage of 1300 miles to the coast of Green- 
land. Before they came to the 82° N. lat. they had to pass a barrier 
of ice from 90 to 100 miles broad. The mean temperature of that 
icy region was 60° Fahr. ; chloroform froze, essential oils became 
solid, and chloric ether was congealed for the first time by natural 
cold, and 57 of the dogs that drew their sledges died.. Passing this 
ice-bound region they reached the north coast of Greenland, in 
82° 30 N. lat., the land nearest to the pole* that had ever been 
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attained. There Dr. Kane stood upon the shores of an iceless sea, 
extending towards the pole in an unbroken sheet of water as far as the 
eye could reach. Its waves were dashing on the beach with the 
swell of a boundless ocean. Tides ebbed and flowed in it, which 
certainly did not come from the Atlantic, for at that very time 
Lieutenant De Haven was making regular observations with an 
artificial horizon on the ice in which his ship was frozen up, and 
found the mercury perfectly steady. “ These tides,” observes Lieut. 
Maury, “ must have been bom in that cold sea, having their cradle ^t 
the North Pole, where there must be deep water, for were this unex- 
plored area mostly land, or shallow water, it could not give birth to 
regular tides. Seals were sporting and wild-fowl feeding in this 
, open sea, the temperature of the water being 36° Fahr., no doubt in 
consequence of the warm submarine currents from the south.*’. 

The Russians would be saved a voyage of* 18,800 geographical 
miles could they cross the pole and pass IJireugh Behring Strait 
to their North American settlements instead of going by Cape 
Horn, and a direct course from the Thames, across the JTorth 
Pole, to Behring Strait would only be 3570 geographical miles. 
But even if the pole could not be attained, it would evidently be 
of the greatest advantage to al^ the maritime nations of Europe 
were it possible to sail from the Atlantic to the Pacific Ocean by 
the northern coasts df America. # The hopes of being able to •accom- 
plish this north-western passage has led to numerous voyages in 
which the highest qualities and virtues of ♦ man have been dis- 
played. The mos£ perfect nautical skill ; intrepidity and coolness ia 
moments of sudden and terrific danger; invincible courage, and 
trust in an Almighty Protector under the most appalling and long- 
continued peril ; cold, hunger, and fa tigue # endured with patience ; 
and cheerful hope when their ships were frozen up in thick-ribbed ice* 
with the fearful uncertainty of ever getting free. 

War had put a stop to enterprise for many years, when Dr. 
Scoresby, on a whaling voyage with his father in 1806, reached the 
parallel of 81° 30 N., midway. between Greenland and Spitsbergen, 
where the sea was open for 18,000 square miles, and he afterwards 
found the east ceast of Greenland, hitherto supposed tqbe inaccessible, 
free froip ice from the 70° to 80° N. lat., and for 10°*of longitude. 
In consequence of these discoveries the hope of penetrating to the 
Arctic Ocean revived, and in 1818 four ships Vere sent by the Bri- 
tish Government to find their way north about to Behring Strait ; 
two, commanded by Captains Parry and Ross, were to proceed by 
Davis Strait, and the other two, under the command of Captains 
Buchan and Franklin, by the open sea at Spitsbergen across the 
pole. Both failed in the object of their mission, and from that time 
to 1845 numerous* similar attempts were made without success. 
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After spending years in these dreary regions they all returned 
baffled by impenetrable barriers of ice, not libwever without having 
made important discoveries both in geography and general s6iendA 

As it is not in the nature of the Anglb-Skxdn race lightly' to 
give up anything they have, once undertaken, so in 1845 a* new 
expedition was planned and a great number of volunteers, both' of 
men and officers, offered to embark for the ice-bound seas' of the 
north, notwithstanding the sufferings and dangers which’ they knew 
awaited, them, and which many had already experienced. 

The command offered by the Admiralty was joyfully accepted by 
Sir John Franklifi, on his return from having governed Tasmania 
for several years. He was an honour even to the British navy 
where there is so much honour. Besides long voyages in various 
parts of the world, he had in former years made two in the Arctic 
Seas, so he was perfectly acquainted with all that is requisite for 
that difficult navigation. 

The expedition consisted of two screw steamers, perfectly equipped 
and prepared to resist the pressure of the ice, furnished with every- 
thing that was necessary, and a transport accompanied them to Davis 
Strait to complete their supply of provisions. Sir John commanded 
the Erebus, and Captain Crosier, who had been second in command 
in the Antarctic Seas with Sir James Boss and had made two Arctic 
voyages “with Sir Edward Parry, commanded" the Terror. Their 
orders were to proceed by Lancaster Sound and Barrow Strait to 
74° 30' N. lat., from tlience to make Cape Walker in 98° W. long., 
ahd then to find their way to Behring Strait. They sailed from 
the Thames on the 19th of May, and arrived in safety at Whalefish 
Island on the east coast of Davis Strait. There they wrote the last 
letters that ever were received from them, and the ships Were seen 
for the last time on the 26th of July by the Prince of Wales whale*, 
moored to a floating mass of ice in 76* AW N. lat. and 66° Iff W. long. 

Although it was known that the voyage would last more than one 
year, yet fears were felt for their safetA as early as 1848, and from 
that time one expedition after another TOre sent, some by Davis and* 
others by Behring Strait ; yet with all the advantages of scientific' 
knowledge, •steam, and practical skill, the intricacies T>f these frozen 
seas , were searched in vain, though searched with the zeal of affec- 
tion and friendship. c Lady Franklin, for whom every one felt the 
deepest sympathy, sent two ships and aided in the Equipment of a 
third ; her long-continued hope and energy have lasted long after all 
hope was at an end. Even after the lapse of mote than eleven 
years her affection has induced her to send a steamer to the Arbtic 
Seas, trusting that the crews may still exist among the horde of 
Esquimaux, or that some relics of them may be found should they 
have perished. *• 
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Two of the expedition* were attended by great and important 
results. The: Enterprise and Investigator, commanded by Captains 
Collinson and M'Clure, sailed on the 10th of January, 1850, for 
Behring Strait. Captain M'Clure in the Investigator arrived first, 
passed through the strait, and with great difficulty, touching at Capes 
Barrow and Parry, steered north through an open sea to an unknown 
land, which turned out to be Banks’ land, or island, so named by 
Sir Edward Parry r who had seen its northern coast during the memo- 
rable winter he spent at Melville Island. Captain M‘Clure then 
sailed through a strait between that island and Prince Albert land 
to "the 73° N. lat., since called Prince of Wales Strait. Being pre- 
vented by ice from proceeding farther, Captain M‘Clure turned back 
and was frozen up in the strait for nine months. During that time 
excursions were made in various directions in search of the missing 
ships,, but in vain. In one of these excursions it was found that 
Prince of Wales’ Strait opened into Barrow Gulf, which leads by 
the straits of Barrow and Lancaster into BaTGn Bay ; and as these, 
latter had been previously examined from the eastward by Parry and 
others, this discovery settled the question of the north-west passage, 
which Captain M f Clure has had the honour of having effected, — 
the object of so many voyages of peril and suffering. 

In the late spring of 1852 the Investigator was released from 
its icy prison, but finding it impossible to enter Barrow Gulf, and 
wishing to reach Melville Isldhd before another winter. Captain 
M'Clure sailed round the west side of Banks’, land, but could get no 
farther than a deep bay on the north side, where he wintered, and to 
which he gave tile name of the Bay of God’s Mercy. After being 
so long at sea their provisions began to fail, but at first the deer 
and musk oxen, which abound in the island, furnished them with 
plenty of food ; however, the winters of ftj52-3 were uncommonly* 
severe, the men had to go far in chase of these animals, by degrees 
their strength failed, they becdbae low, sickly, and dispirited. It 
was an arduous journey of ten days over the ice to Melville Island, 
nevertheless^Captain M‘Clure effected it without any loss, and de- 
posited a paper at the spot where Sir Edward Parry had passed a 
winter, in which he gave information of his situation, begged for aid, 
and requested that those who might find it would forward it to Eng- 
land. At the same time, impressed, after his long imprisonment in 
the ice, that some decisive step should be taken for their rescue, it 
was determined that one part of the crew under command of the 
first lieutenant, should find their way to M'Kenzie River, and that 
with the rest the Captain should patiently await the breaking up of 
the ice, and endeavour to navigate the ship to Baffin Bay. 

Anxiety now began to be felt for the fate of this expedition also, 
and another, consisting of four ships, .sailed from England under tho 
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command of Sir Edward Belcher in April 1852, for Davis Strait. 
Two of the vessels were to go in search of Sir John Franklin ; the 
others, including the Resolute, commanded by Captain Kellett, had 
orders to deposit provisions in Melville Island for the Enterprise and 
Investigator, should they call there. On arriving they found the do- 
cuments deposited by Captain M‘Clure, and a party soon after set out 
to discover if he was still in the Bay of Mercy. 

On the day before their intended separation (April 19th, 1853), 
Captain M‘Clure and his first lieutenant were walking on the ice, 
wllen they saw a man running, and thought it one of the crew chased 
by a bear — it was Lieut. Pim of the Resolute — words fail to describe 
that meeting — they were at last rescued from their perils. The joy 
of the ship’s company, and their gratitude to God for their deliver- 
ance, were unbounded. 

The 'sequel of this, remarkable expedition may be told in a few 
words. Means were ( immediately adopted for conveying over the 
ice to Melville Island thfe Investigator’s exhausted crew, where they 
arrived in June : a portion remained there, the most robust having 
proceeded to the general rendezvous at Beechey Island. All, how- 
ever, were destined to spend another dreary winter in the ice ; but 
on Sir Edward Belcher’s much criticised measure of ordering the 
abandonment of all the ships under 'his orders engaged in the search 
for Franklin in May, their united crews, including that of the Inves- 
tigator, embarked for England, which they reached in the autumn of 
1854. 

4 The ocean is one mass of water, which, entering into the interior of 
the continents, has formed seas and gulfs of great niagnitude, 
afford easy and rapid means of communication, while they temper the 
climates of the widely expanding continents. 

The inland seas communicating with the Atlantic arewarger, and 
penetrate more deeply into the continents, than those connected with 
the great ocean ; a circumstance which gives a coast-line of 48,000 
miles in extent to the former, while that of the great ocean is only 
44,000. Most of these internal seas haye extensive river tributaries, 
so that by inland navigation the Atlantic virtually enters into the 
deepest recesses of the land, brings remote regions into contact, and 
improves the condition of the loss cultivated races of mankind by 
commercial intercourse with those that are more civilized. 

The Baltic, which occupies 125,000 square miles in the centre of 
northern Europe, is one of the most important of the inland seas con- 
nected with the Atlantic, and, although inferior to the others in size, 
the drainage of more than a fifth of Europe flows into it. Only about 
a fourth part of the boundary of its enormous basin of 900,000 square 
miles is mountainous ; and so many navigable rivers flow into it from 
the watershed of the great European plain, that its waters are one-fifth 
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leas salt than those of the Atlantic : it receives at least 250 streams. 
Its depth nowhere exceeds 167 fathoms/ and generally it is not more 
than 40 or 50. From that cause, together with its freshness and its 
higher northern latitude, the Baltic is frozen during five months in the 
year. 

From the flatness of the greater part of the adjacent country, the 
climate *of the Baltic is subject to influences that have their origin 
in regions for beyond the limits of its river-basin. The winds 
from the Atlantic bring warmth and moisture, which, condensed Ay 
the cold blasts from the Arctic plains, falls in rain in summer, and 
deep snow in winter, which diminishes its saltness. Regular tides 
in the Baltic are imperceptible ; but the waters occasionally rise more 
than three feet above their usual level from some unknown cause — 
possibly from subterranean oscillations in its bed, or from changes of 
atmospheric pressure. * 

The Black Sea, which penetrates deeply into the continent, has, 
together with the Sea of Azov, an area of 190,000 square miles : it 
was at a remote period probably united with the Caspian Lake, their 
waters having covered all the steppe of Astracan. It receives some 
of the largest European rivers, and drains about 950,000 square miles, 
consequently its waters are brackjsh and freeze on its northern shores 
in winter. It is very deep, no bottom having beey reached in some 
places at 960 feet: dh the meltipg of the snow, such a body* of water 
is poured into it by the great European rivers, as to “produce a rapid 
current, which sets along the western shore from the mouth of tho 
Dnieper to the IJospliorus. The Sea of Azov may almost be con- 
sidered as the estuary of the Don, notwithstanding its considerable 
extent of nearly 2000 square miles. Its current is produced by 
the influx of that great river : its greatest.depth is 40 feet, shoaling 
gradually at the rate of about 1 foot per mile, from the centre to the 
coasts. 

Of all the branches of the Atlantic that enter deeply into the 
centre of tho continent, the Mediterranean is the largest and most 
important, covering with its idark blue waters more than 760,000 
square miles. Situate in a comparatively low latitude, exposed to 
the heat of the African deserts on the south, and sheltered on the 
north by the high land of Southern Europe, the evapofation is great ; 
on that account the water of the Mediterranean is salter than that 
of the ocean, and for the same reason thd temperature at its surface 
is higher than that of the Atlantic in the same latitude; it docs 
not decrease so rapidly downwards as in tropical seas, and it be- 
comes constant at depths of from 340 to 1000 fathoms, according to 

L 3 


1 By Captain Albrecht’s soundings. 
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the situations. 1 Although its own river domain is only 250,000 
square miles, the constant current that sets in through the Darda- 
nelles brings a great part of the drainage of the Black Sea, so that 
it is really fed by the melted snow and rivers from the Caucasus, 
the mountains of Asia Minor and Abyssinia, the Atlas, and the Alps. 
The quantity of water that flows into the Mediterranean from the 
Atlantic, by the superficial current in the Strait of Gibraltar, 
escapes by evaporation. 

•The surface of the Mediterranean has the same level with the Bed 
Sea. 2 

On the shore of Ccphalonia there is a cavity in the rocks, into 
which the sea has been flowing for ages. 3 

The Mediterranean is divided into two basins by a shallow 
plateati that runs from Cape Bon on the African coast to the 
southern and western coasts of Sicily, the depth varying from 
7 to 240 fathoms. 'On each side of this ridge the water is ex- 
ceedingly deep. In the Strait of Gibraltar the greatest depth 
does not exceed 450 fathoms ; but east of this the depth in- 
creases considerably in some places — between Algiers and Toulon — 
to 1600 fathoms. The soundings lately executed for laying down 
the submarine telegraph cable between Sardinia and the coast of 
Africa have giv^n still greater depths. East of the meridian of 
Malta commences the second deep basin, Which extends unin- 
terruptedly to the coast of Syria, in the midst of which rises 
abruptly the island of Candia. From the soundings executed by 
two of our most distinguished naval surveyors, Captains Maun- 
sell and Spratt, the greatest depth between the 17th and 19th 
meridians E. of Greenwich is 2170 ; and on a line between Alex- 
andria and Rhodes, 1600 fathoms. At Nice, within a few yards 
of the shore, it is nearly 700 fathoms deep. This sea is not abso- 
lutely without tides ; in the Adriatic they rise five feet in the 
port of Yenice, at the Great Syrtis five feet at new and full 
moon, at Naples about 12 inches, but in most other places they are 
scarcely perceptible. The surface is*. traversed by various currents, 

1 It may be regarded as a general rftle, that the temperature of all inland 
seas, at great depths, represents nearly the mean temperature of the earth 
in the latitudes where they are situated ; whilst in the ocean, the low tem- 
perature at the bottom* in every latitude, is produced by the cold currents 
setting eternally from the polar regions, and which maintain the water 
at an almost constant temperature, that of its maximum density, 39° 
Fahrenheit. 

8 It would appear, from surveys recently executed for the projected maritime 
canal between the Pelusiac mouth of the Kile and Suez, that the difference of 
level between the two seas, if any, is very trifling. 

3 Proceedings of the Royal Geological Society, vol. ii. p, 210. 
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two of which, opposing oHe another, occasion the celebrated whirl- 
pool of Charybdis, whose terrors were much diminished by the 
earthquake of 1788. Its bed is subject to violent volcanic paroxysms, 
and its surface is studded with islands of all sizes, from the mag- 
nificent kingdom of Sicily to mere barren rocks — some actively 
volcanic, others of volcanic formation, and many of the secondary 
geological period. 

Various parts of its coasts are in a state of great instability ; in 
some places they have sunk down and risen again more than oqce 
within the historical period ; but these are produced by local causes, 
and are not general. 

In the Caribbean Sea and the Mexican Gulf the temperature is 
always 88°*5 of Fahrenheit, while the Atlantic Ocean in the same 
latitude is not above 77° or 78°. Of that huge mass of .water, 
partially separated from the Atlantic by a long line of islands and 
banks, the Caribbean Sea is the largest ; it # is.as long from east to 
west as the distance between Great Britain and Newfoundland, and 
occupies a million of square miles. Its depth in many places is 
very great, and its water is limpid. The Gulf of Mexico, fed by the 
Mississippi, one of the greatest of rivers, is more than half its size, 
or about 800,000 square miles, so that the whole forms a sea of 
%reat magnitude. Its shores, ancl the shores of the numerous islands, 
are dangerous from •'shoals and # coral-reefs, but the interior of these 
seas is not. The trade-winds prevail thero ; they are subject to 
severe northern gales, and some parts are occasionally visited by 
tremendous hurricanes. • 

The accurate surveys, undertaken for the railroad across the 
isthmus, have shown that there is no other difference of level 
between the Atlantic and Pacific than that depending on the different 
times of high and low water, produced by the tides on the eastern 
and western shores. 

As the Pacific does not penetrate the land in the same manner 
that the Atlantic does the continent of Europe, there are much fewer 
great gulfs, or internal seas, v Of the latter, the Sea of Okhotsk is 
the most extensive. 

The Red Sea and the Persian Gulf are joined to it by \ery narrow 
straits. The physical geography of the Red Sea is better known, 
and is of more importance, since it has become the most direct 
highway to our eastern colonies. Separating Africa from Arabia 
it extends in a north-easterly direction for 1230 miles from the 
Strait of Bab-el-Mandeb to the Isthmus of Suez. Its greatest breadth 
is 192 miles, but it is only 72 miles across where the peninsula 
of Sinai causes it to bifurcate into two elongated gulfs. The 
Gulf of Suez is 167 miles long, its greatest breadth is 30, but 
at its mouth it is only 17 from shore to shore. On an average 
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it is only 22 fathoms deep, hut in some places it is as much as 50 
fathoms. 

The Gulf of Akaba is not so large, being 100 miles long and 16 
across. It is much deeper, no bottom having been found with a line 
of 200 fathoms, in some places ; its general depth is 120. 

The greatest ascertained depth of the Red Sea known is 400 
fathoms without bottom, in lat. 25° 20 N., but there seems to be a 
submarine gulf from five to ten miles wide, with abrupt and preci- 
pitous ^des, which runs down the centre of the sea, in which 
the water is from 150 to 250 fathoms deep. A reef runs across 
the sea from Mocho in 13° 30 N. lat. to the African coast, over 
which the depth varies from 25 to 30 fathoms, but in mid-channel it 
reaches 40. 

The Strait of Bab-el-Mandeb is divided by the island of Perim, 
which has an excellent roadstead, where a fleet might lie in safety 
under shelter of voleaiyc cliffs. The wider channel is 13 miles 
across, with a depth of 100 fathoms in the middle. The ships from 
Aden prefer the lesser, which is only a mile and three quarters 
broad, but in mid-channel there are 30 fathoms water with a sandy 
bottom up to both shores, so it may be passed at all times of the 
tide. The Gulf of Aden is a funnel-shaped estuary 900 miles long 
and nearly 200 acjoss from the N. W. point of Africa to the Arabian T 
shore, the central channel deep, shoeing to the Shores, along which 
the water is shallow. 

In the Red Sea almost no rain falls, no fresh water enters it, 
hence, by excessive evaporation in that dry region qnd low latitude, 
it would by this time have been evaporated and converted into one 
mass of solid salt, were it not that as fast as salt-water is brought 
in from the ocean by tha upper currents it is carried out again by 
Inose beneath. Dr. Buist has computed that 165 cubra miles of 
water are annually dissipated in vapour from the Red-pea, all of 
which is replaced by surface currents from the ocean; while the 
brine resulting from this excessive evaporation, by its specific gravity, 
sinks to the bottom and flows out as an'under current ; this exchange 
is so constant and so great, that Dr. Buist thinks it more than 
probable that the Red Sea changes the entire amount of its waters 
at least once a 1 year. 

The south-east monsoon is deflected on entering the Red Sea, and 
blows down its axis. for 4 months, while during the rest of the year 
the wind is froxh the north-west. 

The water of this sea is extremely pure and transparent, of an 
intense blue, changing to greenish-blue, bluish-green, and green, 
according as the coral, which is mostly white, lies near the surface. 

The Red Sea and Arabian Gulf are covered with large patches, 
varying in size from a few yards to some square miles, of an intensely 



Chap. XVI. 


INLAND SEAS. 


229 


blood-red colour, derived from animalcula, which are particularly 
abundant in spring . 1 

Almost all the internal seas on the* eastern coasts of Asia, except 
the Yellow Sea, are great gulfs shut in by islands, like the Caribbean 
Sea and the Gulf of Mexico, such as the China Sea, the seas of 
Japan, and of Okhotsk. 

The set of the great oceanic currents has scooped out and indented 
the southern and eastern coasts of the Asiatic continent into enor- 
mous bays and gulfs, and has separated large portions of the land, 
which now remain as islands — a process which probably has been 
increased by the submarine fires extending along the eastern coast 
from the equator nearly to the Arctic Circle. 

The perpetual agitation of the ocean by winds, tides, and currents 
is continually, but slowly, changing the form and position of the 
land — steadily producing those vicissitudes on the surface' of the 
earth to which it has always been subject, and to which it will 
assuredly be liable in all succeeding ages. ' 


^ 1 Dr. Buist of Bombay on the Physical Geography of the Red Sea, h Journal 
ot^reographical Society of London. 
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CHAPTER XVII. 

Springs — Basins of the Ocean — Origin, Course, and Heads of Rivers — 
^ydrai^ic Systems of Europe — African Rivers — the Nile, Niger, & c. 

The invisible vapour which rises from the land and water ascends 
in the atmosphere till it is condensed by the cold into clouds, which 
restore it again to the earth in the form of rain, hail, and snow ; 
hence there is probably not a drop of Water on the earth’s surface that 
has not been borne on the Wings of the wind. Part of this moisture 
restored to the earth is je-absorb'ed by the air, part supplies the 
wants of animal and vegetable life, a portion is carried ottby the 
streams ^and the remaining part penetrates through porous soils till 
it arrives at a stratum impervious to water, where it accumulates in 
subterranean lakes often of great extent. The mountains receive 
the greatest portion of the aerial moisture, and, from the many 
alternations of permeable and impenneable strata they contain, a 
complete system of* reservoirs is formejl in them, Which, continually 
overflowing, fown perennial springs at different elevations, which 
uniting and rumiing down their sides form the sources of rivers. A 
great portion of the water at these high levels penetrates the e%vg& 
till it comes to an impermeable stratum below the plains, wnire 
it collects in sheets, or nappes, and is forced by hydraulic pressure 
to rise in springs, through ppenings in the ground, to the surface. 
Iif this manner the water which falls on hills and mountains is 
carried through highly-inclined strata to great depths, and even 
below the bed of the ocean, in many parts "of which there exist, 
from this cause, springs of fresh water. In boring Artesian wells 
the water often rushes up with such impetuosity by the hydro- ' 
static pressure as to form jets 40 or 50 feet high. In this operation 
several successive reservoirs have been met with ; at St. Ouen, near 
Paris, five sheets of water were found ; that in the first four not 
being good, the operation was continued to a greater depth; it 
consists merely in boign£ a hole of small diameter, and lining it with 
a metallic tube. It rarely happens that water may not be procured 
in this way ; and as the substratum in many parts of deserts is an 
argillaceous marl, it is probable that Artesian wells might be bored 
with success in the most arid regions. This has of late years been 
verified to great advantage in Algeria, where Artesian wells have 
brought fertility to districts hitherto arid and uncultivated. 
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A spring trill be intermittent when it issues from an opening in 
the side of a reservoir fed from above,* if the supply be not equal to 
the waste, for the water will sink below the opening, and the spring 
will stop till the reservoir is replenished. Few springB give the 
same quantity of water at all times, those near the surface de- 
pending for their supply on the water that percolates the surface ; 
they also vary much in the quantity of foreign matter they contain. 
Mountain-springs are generally very pure, the carbonic acid gas 
almost always found in them escapes into the atmosphere, and their 
earthy matter is deposited as they run along, so that river-water 
from such sources is soft, while Wells and springs in the plains are 
hard, and more or less mineral. 

Springs acquire their temperature from that of the strata through 
which they pass ; mountain-springs are cold, blit if the water has 
penetrated deep into the earth, it acquires ^ temperature depending 
on that circumstance. 

The temperature of the surface of the earth varies with the 
seasons to a certain depth, where it becomes permanent and equal 
to the mean annual temperature of the air above. It is evident 
that the depth at which this stratum of invariable temperature lies 
must vary with the latitud^. At the equator the effect of the 
seasons is imperceptible at the depth of a foot below the surface : 
between the parallels of 40° jnd 52° the temperature ofihe ground 
in Europe is constant at the depth of from 55 to 60jeet : and in the 
high Arctic regions the soil is perpetually frozen a foot below the 
surface. Now, in every part of the world where experiments -have 
been made, the temperature of the earth increases with the depth 
below the constant stratum at the rate of 1° of Fahrenheit for every 
50 or 60 feet of perpendicular depth ^ .hence, should*the increase 
continue to follow the same ratio, even granite must be in fusion at - 
little more than five imles betyw the surface. In Siberia the stratum 
of frozen earth is Some hundred feet thick, but below that the in- 
crease of heat with the depth is three times as rapid as in Europe. 
The temperature of springs must therefore depend on the depth to 
which the water has penetrated before it has been forced to the sur- 
face, either by the hydrostatic pressure of water at higher levels or by 
steam. If it never descends below the stratum of invariable tempe- 
rature, the heat of the source will vary with the seasons, more or less, 
according to the depth below the surface : should the water come 
from the constant stratum itself, its temperature will be invariable ; 
and if from below it, the heat will be increased in proportion to the 
depth ter which it has penetrated. Thus, there may be hot and * 
even boiling springs hundreds of miles distant from volcanic action 
and volcanic strata, of which there are many examples, though they 
are more frequent in voloanic countries and those subject to earth- 
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quakes. The temperature of hot springs is very constant, and that 
of boiling springs has remained unchanged for ages: shocks of 
earthquakes sometimes affect their temperature, and have even 
stopped them altogether. Jets of steam of high tension are frequent 
in volcanic countries, as in Iceland. 

Both hot and cold water dissolves and combines with many of 
the mineral substances it meets with in the earth, and comes to the 
surface from great depths as medicinal springs, containing various 
ehemical ingredients. So numerous are they that in the Austrian 
dominions alone there aro 1500 ; and few countries of any extent are 
destitute of them. They contain hydro-sulphuric and carbonic acids, 
sulphur, iron, magnesia, and other substances. Boiling springs de- 
posit silex, as in Iceland and in the Azores ; and others of lower 
temperature deposit carbonate of lime in great quantities all over 
the worfd. Springs of .pure brine are rare ; those in Cheshire are 
rich in salt, and have flowed unchanged 1000 years, a proof of the 
tranquil state of that part of the globe. Many substances that 
lie beyond our reach are brought to the surface by springs, such as 
naphtha,* petroleum, and boracic acid; petroleum is particularly 
abundant in Persia, and numberless springs and lakes of it surround 
some parts of the Caspian Sea. Boracic acid is almost peculiar to 
Tuscany ; it is found in combination with soda in some parts of 
Tibet. 


RIVERS. 

Rivers have had a greater influence on the location and fortunes 
of the human race than almost any other physical cause, and, since 
their velocity has been overcome by steam-navigation, they have 
become the highway of the nations. 

They frequently rise in lakes, which they unite with the sea ; in 
other instances they spring from small elevations in the plains, 
from perennial sources in the mountains, alpiire lakes, melted snow 
and glaciers ; but the everlasting storehouses of the mightiesfrflpods 
are the ice-clad mountains of table-lands- vk 

Rivers are constantly increased, in descending the mountains and 
traversing the ^plains, by tributaries, till at last they flow into the 
ocean, their ultimate destination and remote origin. “ All rivers run 
into the sea, yet the sea is not full,” because it gives in evaporation 
an equivalent for what it receives. * 

The Atlantic, the Arctic, and the Pacific Oceans are directly or 
indirectly the recipients of all the rivers, therefore their basins are 
bounded by the principal watersheds of the continents;, for the 
basin of a sea or ocean does not mean only the bed actually occupied 
by the water, but comprehends also all the land drained by the 
rivers which fall into it, and is bounded by an imaginary line 
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passing through all their sources. These lines generally rim through 
the elevated parts of a country that divide the streams which flow 
in one direction from those that flow in another. But the watershed 
does not coincide in all cases with mountain-crests of great elevation, 
as the mere convexity of a plain is often sufficient to throw the 
streams into different directions. 

From the peculiar structure of the high lands and mountain-chains, 
by far the greater number of important rivers on the globe flow into 
the ocean in an easterly direction, those which flow to the south 
and north being the next in size, while those that flow in a Westerly 
direction are comparatively small and unimportant. 

The course of all rivers is changed when they pass from one geolo- 
gical formation to another, or by dislocations of the strata: the 
sudden deviations in their directions are generally owing to the 
latter circumstance. 

None of the European rivers flowing direqtly into the Atlantic 
exceed the fourth or fifth magnitude, excepf the Rhine ; the rest of 
the principal streams reach it indirectly through the Baltic, the 
Black Sea, and the Mediterranean. It nevertheless receives nearly 
half the waters of the old continent, and almost all of the new, because 
the^Andes and Rocky Mountains,* which form the watershed of the 
American continent, lie along itl western side, and the rivers which 
rise on their western slopes flow to the east, whilst the AUeghanies 
are tributaries to the Mississippi, which comes indirectly into the 
Atlantic by the Gulf of Mexico. 

The Arctic Ocean drains the high northern latitudes of America, . 
and receives th'ose great Siberian rivers that originate in the 
Altai range from the Steppe of the Kerghis to the extremity of 
Kamtchatka, as well as the very inferior ftreams of North Euro- 
pean Russia. The running waters of the rest of the world flow into 
the Pacific. The Caspian and Lake Aral are mere salt-water lakes, 
which receive rivers, bfc emit* none. However, nearly one-half of 
all the running water in Europe falls into the Black Sea and the 
Caspian. \ 

Mountain torrents gradually lose velocity in their descent to the 
low lands by friction, and when they enter the plains their course 
becomes still more gentle, and their depth greater. A slope of one 
foot in 200 prevents a river from being navigable, mid a greater in- 
clination forms a rapid or cataract. The speed, however, does not 
depend entirely upon the slope, but also upon the height of the 
source of the river, and the pressure of the body of water in the 
upper part of its course ; consequently, under the same circum- 
stances, large rivers run faster than small, but in each individual 
stream the velocity is perpetually varying with the form of the 
banks, the winding of the course, and the changes in the width of 
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the channel. The Rhone, one ,of the most rapid European rivers, 
ha?a declivity of one foot in 2620, and flows at the rate of 120 feet 
in a minute ; the sluggish rivers in Flanders have only one-half that 
velooity. The Danube, the Tigris, and the Indus are among the 
moat rapid of the large rivers. In flat countries rivers are generally 
more meandering, and thus they afford a greater amount of irriga- 
tion ; the Windings of the Vistula are nearly equal to nine-tenths of 
its direct course from its source to its mouth. 

JV^en one river falls into another, the depth and velocity are in- 
creased, but not always proportionally to the width of the channel* 
which sometimes even become less, as at the junction of the Ohio with 
the Mississippi. When the angle of junction is very obtuse, and 
the velocity of the tributary stream great, it sometimes forces the 
water of its primary to recede a short distance. The Arve, swollen 
by a freshet, occasionally drives the water of the Rhone back into 
the Lake of Geneva * and it once happened that the force was so 
great as to make the mill-wheels revolve in a contrary direction. 

Streams sometimes suddenly disappear, and after flowing under- 
ground, to some distance reappear at the surface, as in Derbyshire. 
Instances have occurred of rivers suddenly stopping in their course 
for some hours, and leaving their' channels dry. On the 26th of 
November, 1838, the water failed so completely in the Clyde, Nith, 
and Teviot, that the mills were stopped eight hours in the lower 
part of their rtreams. The cause was the coincidence of a gale of 
wind and a strong frost, which congealed the water near their 
sources. Exactly the contrary happens in the Siberian rivers, 
which flow from south to north over so many hundreds of miles ;• 
the upper parts are thawed, while the lower are still frozen, and the 
water, not finding an outlet, inundates the country. 

The alluvial soil carried down by streams is gradually depad^L 
as their velocity diminishes ; and if they am subject to inundafflfts* 
and the ooast flat, it forms deltas at their nAiths ; there they gene- 
rally divide into branches, which often join again, or are united by 
transverse channels, so that a labyrinth of streams and islands is 
formed. Deltas are sometimes found in the interior of the continents 
at the junction of rivers, exactly similar to those on the ocean, 
though less extensive : deltas are said to be maritime, lacustrine, or 
fluviatile, according as the stream that forms them falls into^^ea, 
a lake, or another rivet. 

, Tides flow up some rivers to a great distance, and to a height above 
that of their level in the sea : the tide is perceptible in the river 
Amazon 576 miles from its mouth, and it ascends 255 miles in the 
Orinoco. * 

In the temperate zones rivers are subject to floods from autumnal 
rains, and the melting of the snow, especially on mountain-ranges. 
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The Po, for’ example, spreads desolation far and wide over the plains 
of Lombardy; but these torrents are as .variable in their recurrence 
and extent as the climate which produces them. The inundations 
of the rivers in the torrid zone, on the contrary, occur with a regu- 
larity peculiar to a region in which meteoric phenomena are uniform 
in all thei( changes. These floods ate due to the periodical raids, 
which, in tropical countries, follow the cessation of the trade-winds 
after the vernal equinox and at the turn of the monsoons, and are 
thus dependent on the declination of the sun, the immediate cause 
of all these variations. The melting of the snow no doubt adds 
greatly to the floods of the tropical rivers which rise in high 
mountain-chains, but it is only an accessary circumstance; for 
although the snow-water from the Himalaya swells the streams 
considerably before the rains begin, yet the principal effect is. owing 
to the latter, as the southern face of the Himalaya is not beyond 
the influence of the monsoon, and the consequent periodical rains, 
which besides prevail all over the plains of India traversed by the 
great rivers and their tributaries. 

Under like circumstances, the floods of rivers, whose sources, havu 
the same latitude, take place at the same season ; hut the periods 
of the inundations of rivers on^one side of the equator are exactly 
the contrary of what they are in rivers on the ot^or side of it, on 
account of the declination of tlje sun. The flood in the Orinoco is 
at its greatest height in the month of August, white that of the 
river Amazon, south of the equinoctial line, is at its greatest 
elevation in Majrch. 1 The commencement and end of the annual 
inundations in each river depend upon the average time of the 
beginning, and on the duration of the rains in the latitudes traversed 
by its affluents. The periods of the floqfte in such rivers as run 
towards the equator are different from thoSfe flowing in an opposite 
direction; and as the rise requires time to travel, it happens at 
regular but different periods in various parts of the same river, if 
very long. The height to which the water rises in the annual floods 
depends upon the nature o¥ the country, but it is wonderfully 
constant in each individual river where the eourse is long ; for the 
inequality in the quantity of rain in a district drained by any of its 
affluents is imperceptible in the general flood, and thuh the quantity 
of water carried down is a measure of the mean humidity of the 
whole country comprised in its basin from year to year. By the 
admirable arrangement of these periodical inundations, the fresh soil 
of t^e mountains, borne down by the water, enriches countries far 
remote from their source. The waters from the high lands on the 


1 Humboldt's Personal Narrative. 
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northern border of the great plateau, and of Abyssinia, bave ferti- 
lized the banks of the Nile through a distance of 2500 miles for 
thousands of years. 

When rivers rise in mountains, ■water-communication between 
them in the upper parts of their course is impossible ; but when 
they descend to the plains, or rise in the low lands, the lgoundariee 
between the countries drained by them become low, and the different 
systems may be united by canals. It sometimes happens in exten- 
sile and very level plains, that the tributaries of the principal 
streams 'either unite or are connected by a natural canal by which a 
communication is formed between the two basins — a circumstance 
advantageous to the navigation and commerce of both, especially 
where the junction takes place far inland, as between the Orinoco 
and Amazon in the interior of South America. The Rio Negro, 
oile of the largest affluents of the latter, is united to the Upper 
Orinoco in the plains of JEsmeralda by the Cassiquiare — a stream as 
large as the Rhine, with a velocity of 12 feet in a: second. Baron 
Humbqjdt observes that the Orinoco, sending a branch to the 
^maz^p, is, with regard to distance, as if the Rhine should send 
one to the Seine or Loire. At some future period this junction will 
be of great importance. These bifurcations are frequent in the 
deltas of rivers, but very rare in t£e interior of continents. The 
Chiana, which connects the upper ^ranches of* the Tiber ‘and the 
Amo, is the most remarkable instance of this kind of junction in 
Europe. The Mahanuddy and Godavery, in Hindostan, offer some- 
thing of the kind ; and there are several instances in the great rivers 
of the Indo-Chinese peninsula. 

The hydraulic system of Europe is eminently favourable to inland 
navigation, small as the rivers are in comparison with those in othe# 
ptrts of the world ; but the flatness of the great plain, and the low- > 
ness of its watershed, are very favourable to the construction of 
canals. In the. west, however, the Alps Rid German mountains 
divide the waters that flow to the Atlantic on one side, and to the 
Mediterranean and Black Sea on the other ; but in the eastern parts 
of Europe the division of the waters is merely a more elevated ridge 
of the plain* itself, for in all plains such undulations exist, though 
often imperceptible to the eye. This watershed begins on the 
northern declivity of the Carpathian Mountains about the 23rd 
meridian, in a low rarige of hills running between the sources of the 
Dnieper and the tributaries of the Vistula, from whence it winds in 
a tortuous course along the plain to the Valdai table-land, which is 
its highest point, 1200 feet above the sea ; it then declines northward 
towards Onega, about the 60th parallel, and lastly turns in # very 
serpentine line to the sources of the Kama in the Ural mountains 
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near the 62nd degree of north latitude. The waters ' north of this 
. line run into the Baltic and White Sea,* and, on the south of it, into 
the Black Sea and the Caspian. 

Thus Europe' is divided into two principal hydraulic systems; 
but since the basin of a river comprehends all the plains and valleys 
drained by it and its tributaries from its source to the sea, each 
-country is subdivided into as .many natural divisions or basins as it 
has primary rivers, and these generally comprise all the rich and 
habitable parts of the earth, and are the principal centres of civili- 
sation, or are capable of becoming so. 

The streams to the north of the general watershed are very nume- 
rous ; those to the south are of greater magnitude. The systems of 
the Yolga and Danube are the most extensive in Europe ; the 
former has a basin comprising 397,460 square miles, and is navi- 
sgble throughout the greater part of its couvsc. It rises in a small 
laKe^on th^ slopes of the Valdai table-land^ 550 feet above the level 
of the ocean, and falls into the Caspian, which is 83 feet 7 inches 
below the level of the Black Sea, so that it has a fall of 63§ feet in 
a course of more than 2400 miles. It carries to the Caspian one- 
seventh of all the river-water of Europe. ^ 

The Danube drains 234,080 square miles, and receives 60 navi- 
gable tributaries. Its quantity of water is nearly as great as that 
of all the rivers that empty themselves into the Black -Sea taken 
together. Its direct course is 880 miles, its meandering line is 
1496. 1 It rises in the Black Forest at an elevation of 2850 feet 
above the levelofthesea, so that it has considerable velocity, which, 
as well as rocks and rapids, impedes its navigation in many places, 
but it is navigable downwards, through Austria, for 600 miles, 
to New Orsova, from whence it flows in a gentle current to the 
Black Sea. The commercial importance of these two rivers is mueh 
increased by their flowing into inland seas. By canals between the 
Yolga and the rivers n6rth of* the watershed, the Baltic and White 
Seas are connected with the Black Sea and the Caspian ; and the 
Baltic and Black Sea are alsq connected by a canal between the Don 
and the Dnieper. Altogether the water system of Russia is the 
most extensive in Europe. 'f' „ 

The whole of Holland is a collection of deltoid islands, formed by 
the Rhine, the Meuse, and the Scheldt — a structure very favourable 
to commerce, and which has facilitated an ^tensive internal navi- 
gation. The Mediterranean is already connected with the North 
Sea by the canal which runs from the Rhone to the Rhine ; and 
this noble system, extended over the whole of France by 7591 
miles of inland navigation, has conduced much to the prosperous 
, state of that great country. 

1 Mr. Keith Johnston's Phys. Atlas. 
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'Many .navigable streams rise in the Spanish. mountains ; of these 
the Tagus has depth epough for the largest ships as high as Lisbon. 
Its actual course is 480 miles, but its direct one much less. In 
point, of magnitude, however, the Spanish rivers are of inferior order, 
but canals have rendered them beneficial to the country. Italy is 
less favoured in her rivers, which only admit vessels of small bur- 
then ; those on the north are by much the most important, especi- 
ally the Po and its tributaries, which by canals connect Venice and 
Milanwith various fertile provinces of Northern Italy; but .what- 
ever advantages nature has afforded to the Italian states have been 
improved by able engineers, both in ancient and modem times. 

The application of the science of hydraulics to rivers took its rise 
in Northern Italy, where it has been carried to such perfection in some 
points, that China is the only country which can vie with it in the 
practice of irrigation. « The lock on canals was in use in Lombardy 
as early as the 13th jccntury, and in the end of the 15th it was ap- 
plied to two canals which unite the Ticino and the Adda, by that 
great ^rtist and philosopher Leonardo da Vinci; about the same 
time ^introduced the use of the lock into France; 1 

Various circumstances combine to make the British rivers more 
useful than many others of greater magnitude. The larger streams 
are not encumbered with rocks or rapids ; they all run into branches 
of the Atlantic ; *the tides flow up their channels to a considerable 
distance ; an<? above all, though short in their course, they end in 
wide estuaries and sounds, capable of containing whole navies — a 
circumstance that gives an importance to streams otherwise insigni- 
ficant, when compared with the great rivers of either the old or new 
continent. * 

The Thames, whose basin is only 5027 square miles, and whose 
length is but 240, of winch, however, 204 are navigable, spreads 
its influence over the remotest parts of the earth ; its depth is suffi- 
cient to admit large vessels even up°to London, and throughout its 
navigable course a continued forest of masts display the flags 
of every nation : on its banks, which are in a highly cultivated 
state, is the seat of the highest civilization, moral and political. 
Local circupastances have undoubtedly been favourable to this su- 
perior development, but the earnest and energetic temperament of 
the Saxon races has rendered these natural advantages of positipjBt 

1 Leonardo da Vinci was appointed Director of Hydraulic Operations' in 
Lombardy by the Duke of Milan, and daring the time, he was painting the 
“Last Supper** he completed the Martesana Canal, extending fro m the 
Adda to Milan, and improved the course of the latter river from where it 
emerges from the Lake of Como to the Po. By means of the Naviglio Grande, 

■ the .Martesana Canal establishes a water-communication between the Adda and 
the Ticino, and the Lakes of Como and Maggiore. 
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much more available. The, same may belaid c?f other rivers in the 
British islands, where commercial enterprise and activity vie with 
that on the Thames. There are 2790 miles of navigable canals in 
Britain, and, including rivers, 5430 miles of inland navigation, 
which, in comparison with the area of the country, is very great ; 
it is even said that no part of England is more than 15 miles distant 
from water-communication. 

On the whole, Europe is fortunate with regard to its water-sys- 
tems, and its inhabitants are for the most part alive to the bourses 
which Providence in this respect has bestowed upon them. 

AFRICAN RIVERS. 

Tn Africa the tropical climate and the extremes of aridity and 
moisture give a totally different character to its rivers. The most 
southerly partis comparatively destitute oHhem, and those that do 
exist are of -inferior size,, except the Garieg, or Orange Biver, which 
has a long course on the table-land, but is nowhere navigable. In 
comparatively level tracts of no great elevation in the centre of the 
table-land, rise those innumerable streams which fill the pkjeau of 
South Africa with a perfect maze of large rivers, of which tEe 
Zambeze or Leambye is the main artery. That river is now known 
to be one of the greatest of tfle continent. It drains an area ex- 
tending over ten degrees of latitude, and nearly thirty of -longitude. 
It takes its rise in the Gilolo hills, and is joined by the Leeba at the 
northern extremity of the Barotse valley, about 800 miles from 
Loando. It tfyen flows from north to south for 240 miles, wheip it 
is joined by the noble deep river Chobe, in 18° 17 ; S. lat. and 
23° 60' E. long. The first hundred miles is through the Barotse 
valley, a grazing country, with the towns raised on mounds on 
account of the annual inundations. Narielle, the capital, contains 
1000 inhabitants. After this # the river is extremely beautiful, and 
often a mile broad, with many islands covered with the richest vege- 
tation. Before its junction with the Chobe its bed becomes rocky 
as well as its banks, which ^re undulating, and the trees send down 
roots from their branches like the banyan. Linyanti, the residence 
of Sekdletu, the chief who was so friendly to Dr. Livingstone, is on 
the banks of the Chobe, not far from its confluence with the Zam- 
beze. The united stream flows to the E., and in 17° 57 1 S. lat. and 
26° 6' E. long, forms one of the most magnificent cataracts known. 
It is caused by the sudden contraction, or rather compression, of the 
river, 1000 yards broad, which urges it through a narrow vent in 
the basaltic rock of not more than 25 yards wide, and down a deep 
cleft but little wider, into a basin or trough about 30 yards in 
diameter, lying at a depth of 35 yards. Into this narrow space the 
vast river precipitates itself. The effect of its sudden contraction 
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f id fall is in the highest degree sublime, and from the point from . 
hich Dr. Livingstone saw it, appalling, for he got an Indian of suf- 
ficient nerve to paddle a canoe to an islet immediately above the fall : 

- the columns of vapour rushing up for 300 or 400 feet form dense 
clouds, whence the name of the “ smoke-resounding falls.” When 
Dr. Livingstone saw this fall the waters were low, but during the 
inundations, when the river flows between banks many miles wide, 
and still forces itself through the same narrow space, it must be 
terrifically magnificent beyond description ; at these times the 
columns of spray may be seen, and the roar heard, ten or twelve 
miles off. 


After entering this chasm the river changes its course, foams and 
1 rages through a narrow channel amongst tree-covered hills, and then 
emerging from its confines, it spreads out again, and flows to the 
N.N.E., in a broad pHS&d stream, to its junction with the Kafue, a 
large fine river, coming from the west ; from that the combined 
stream runs in a bending line eastward to its confluence with the 
Mutu or Quilimane, at the head of its delta, where it is three- 
. onarteg of a mile broad. TJiere is a great body of water in it during 
the rains, and in the dry season it is shallow, except in its winding 
mid-channel. Its delta is 300 mijp long, and as large as Scot- 
land. It would J)e vain to mention all the rivers that flow into 
the Zambeze, they are so numerous and complicated ; but the’ 
course of few r rivers is more accurately determined. The Ozay, 
not far south of the equator, is believed to be of great extent, and 
the Juba, more to the north ; all these streams have little water 
at their mouths during the dry s$tson, but in the rainy sea£t& they 
are navigable. Some of those still farther north do not reach^he 
sea at all times of the year , but en( l in lakes and marshes, as the f 
Mines, or Webbi, and Hawash. The first, after reaching to 
within a small distance of the Indian Ocean, runs parallel to the 
coast, and falls into a very large and deep lake about a degree north 
of the equator. Between the Hawash and the Strait of Bab-el- 
Mandeb there is no river of any note. # In many parts of the coast, 
near the rivers, grain ripens ail the year, and every tropical vege- 
table production might be raised. The Hawash runs through a low 
desert country 'inhabited by the Dankali Beduins : that river is the 
recipient of the waters which descend from the eastern declivity of 
the table-land of Abyssinia, while the Nile receives those of the 
opposite slope. 

The rivers which flow to the Atlantic, and fertilize the luxuriant 
maritime plains of Benguela, Congo, Angola, and Loando, have their 
sources on the table-land. The Dilolo, navigable for flat boats, 
unites the Zambeze to the Casai, which rises on the table-land, and 
after being joined by the Casango, runs north through a country of 
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forests alternating with sward, and then turning to the west rushes 
through a cleft in the limiting ridge of the table-land, and descends 
to the plains as the Congo or Zaire, which is a large river navigable 
for 100 miles, where the ascending tide is stopped by cataracts. In 
its lower course this river is 5 or 6 miles broad, studded with islands, 
and very deep at its mouth. On account of the abrupt descent from 
the high ‘country to the maritime plains none of these .rivers afford 
access to the interior of South Africa. 

The mountainous edge of the table-land, with its terminal pro- 
jections, Senegambia and Abyssinia, are the principal sources of 
the great streams of Central Africa. Various rivers have their origin 
in these elevated regions, of which the Nile and the Niger yield in 
size only to some of the great Asiatic and American rivers. In ' 
importance and historical interest the Nile is inferior to none. < 

Two large rivers unite their streams to ftffln the Nile — the Bahr- 
el-Abiad, or White River, and the Bahr-el-Azrek, or Blue River ; 
but the latfer is so far inferior to the Bahr-el-Abiad that it may 
almost bo regarded as a tributary. The main stream has newer been 
ascended by any traveller above 4° 9' N. latitude, thfi^oinj^ 
reached recently by the missionary Knoblccher, and who could see 
the river for 30 miles farther coming from the south-west. The 
Bahr-el-Abiad, or the true Nile, was supposed, fronj the report of the 
natives, to rise, undfer the namg of the Tubiii, at a comjlhratively 
small distance from the sea, in the country of MoncpMotfzi, which 
is a continuation of the high plateau of Abyssinia, situate to the 
north of the gre^t Lake N’yassi. They say that it flows from the 
lake itself; at all events it seen|s to be pretty certain that its 
origin is in the mountainous of hilly country of Mono Mo£zi. 
Dr. Beke even supposes that it may have «its upper sources in the 
snowy range of Kilimanjaro, situated south of the equator ; affd 
Mr. Macquecn*dhinks its source is immediately north of Mount 
Kenia, under the equator. Ollier origins have been assigned, but 
Sir RI Murchison justly observes that, like the Zambeze, the Bahr- 
el-Abiad may be fed by a gre&t interior boggy and lacustrine region. 
Amidst many windings it takes a general direction towards the N.E. 
as far as the 14th northern parallel of latitude, whence it*follows the 
same course till its junction with *tbe Blue Nile neeftr Khartum in 
the plains of Sennaar. 

One of the largest affluents of the White River, if it be not its 
highest branch, rises by numerous sources in the mountainous coun- 
tries of Enarya and Kaffa, between 7° and 9° N. The Gojab and 
Uorora are its chief tributaries ; the latter, which encircles the dbun- 
try of Enarea, is, according to M. d’Abbadie, the principal source of 
the White River, and rises in the forest of Babya, in latitude 8° N., 
at an elevation of nearly 6000 feet above the level of the sea. These 

M 
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; I3^)jb0^j»treax^ tKe^rivQr"\Jzas^ and perhaps the Shoaberri ; but 

anything is known of the latter between the high lands of 
Ethiopia and where it is said to empty itself into the Bahr-el- 
Abiad. 

The Abyssinian branch of the Nile, known as the Bahr-el-Azrek, 
or Blue River, rises under the name of the Didhesa in the Galla 
country, south of Abyssinia, about- 73 # miles west of Saka, the 
capital of Enarca. It springs from a swampy meadow in the same 
elevated plains where the Godjeb and other affluents of the White 
Nile originate, in which it separates the kingdoms of Guma and 
Enarea, and maintains a general north-westerly direction till it joins 
the White Nile at Khartum. Of the many tributaries to the Blue 
River, the Abai, the Nile of Bruce, is the largest and most cele- 
brated. Jts sources are in a swampy plain near Mount Giesk, in 
the district of Sakkatu? from whence it takes a circular direction 
round the peninsula gf pojam, passing through Lake Deinbea, and 
receiving many affluents from the mountain-chain tttht forms the 
centre gf the peninsula, and at last falls into the Didhesa or Bahr-el- 
about 11° N. latitude. The Atbarah, formed by the 
junction of the Gwang and Takkazie, is one of the principal 
tributaries of the Nile. The Takkazie rises in the mountains 

of Lasta, a day’s journey from 1/alibala, one of the most cele- 
brated places in Abyssinia, remarkable for its churches hewn out of 
the solid rock^and the Tselari, whicli springs from Mount Biala, the 
northern extremity of the high land- of Lasta, which divides the 
head waters of the two branches. The united stream, after vtmding 
like the other rivers of this country, joins the Nile in 18° N. ll$ttude, 
the northern limit of the tropical rains. 

The Abyssinian river? in the upper part of their course are little 
more than muddy brooks in the dry season, hut during the rains 
they inundate the plains. They break from the table-lands through 
fissures in the rocky surface, which are at first only, a few yards 
wide, hut gradually increase to several miles ; the streams ftjrm cata- 
racts from 80 to more than 100 feet high, and then continue to 
descend by a succession of falls and rapids, which decrease in height 
as they run^northwards to join the main stream. The Takkazie takes 
its name of v The Tumble ” from the impetuosity with which it 
rushes through the chasms and over the precipices of the mountains. 1 

A peculiarity of mhst of the principal affluents of the Nile is their 
spiral course, so that, after having formed a curve of greater or less 
extent, generally round insulated mountain masses, they return upon 
themselves at a short distance from their sources. It is by no means 

1 According to M. d'Abbadie, Takkazie is the ancient Abyssinian name for 
river. See Exod. vii. 15. 
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improbable that the head stream of the Nile itself takes a spiral course 
round a lofty mountain mass, similaV to the snow-clad mountains of 
Samien and Haifa. 1 * * 

From the Atbara down to the Mediterranean, a distance of 1200 
miles, the Nile does not receive a single brook. The first part of 
that course is interrupted by cataracts, from the geological structure , 
of the Nubian desert, which consists of a succession of broad sterile 
« terraces, separated by ranges of rocks running east and west. Over 
these the Nile falls in nine or ten cataracts, the last of wlych is* at 
Es-Souan (Syene), where it enters Egypt. Most of them are only 
rapids, where each successive fall of water is not a foot high. That 
they were higher at a former period has been rendered probably 
by Dr. Lepsius, a very intelligent traveller sent by the King of 
Prussia at the head of a mission to explore that country. He found 
a series of inscriptions on the rocks at Senffit&i , marking the height 
«f the Nile at different periods ; from which it appears that in that 
country the bed of the river had been 30 feet 'higher than it is now. 

Fifteen miles below Cairo, and at 90 miles from the sea, the Nile 
separates into two branches, one of which, running in a iwrifeealjiu 
direction, enters the Mediterranean below Rosetta ; the other enters 
Ifre sea above Damietta, the delta between these two places has a sea- 
coast of 187 miles. The fall from the great dktajact to the sea is 
about two inches irf a mile. 

The basin of the Nile, occupying an area of 500,00© square miles, 
has an unusual form ; it is Wide in Ethiopia and Nubia, but for the 
greater part of a^ winding course of 2240 miles 8 it is merely a verdant 
line of beauty, suddenly and strongly contrasted with the dreary 
waste of the Red Desert in the midst of which it lies. Extending 
from the equatorial far into the tempera zone, its aspect is less 
varied than might have been expected on account of the parched atTd 
showerless country it passes thjough. Nevertheless, from the great 
elevation of the sources of the river, the upper portion has a per- 
petual spring, though within a few degrees of the equator. At the 
foot of the table-land of Abyssinia the country is covered with dense 
tropical jungles, while the rest of the valley, covered by the detritus 
of the mountains for thousands of years, is fertile and lu&uriant. 

1 Dr. Beke on the Kile and its Affluents. See also Researches of M. 

d’Abbadie on the higher branches of the Kile, in t|ie ‘ Journal de la Societe 
de Geographic/ 1849 ; and in the 4 * * * Athenaeum. * 

8 If we consider the Uma as the highest branch of the Kile, and adopt 
M, Amaud’s estimation of the windings of the Bahr-el-Abiad from Khartum 

upwards, it is probable that the winding course of the river will be found 

much greater than that given in the text : mdeed M. d’Abbadie has calculated 

from these data that the course of the Nile, if developed on a meridian line, 
would reach from the Equator to Tomea, in Lapland, 3950 geographical miles. 

That in the text is from Mr. Keith Johnston’s Phys. Atlas. 

M2 
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As the mean velocity of the Nile, when not Sodded, is about two 
utiles and a half an hour, a particle of water would take twenty-two 
days*and a half to descend from, the junction of the Takkazie to the 
sea ; hence the retardation of the annual inundations of the Nile in 
its course is a peculiarity of this river, owing to some unknown 
cause towards its origin which affects the whole stream. In Abys- 
sinia and Sennaar the river begins to rise in April, 1 yet the flood is 
not perceptible at Cairo till towards the summer solstice ; it then, 
cqntinues to rise during nearly, a hundred days, and remains at its 
greatest height till the middle of October, when it begins to subside, 
and reaches its lowest point in April and May. The height of the 
flood in Upper Egypt varies from 30 to 35 feet ; at Cairo it is 23, 
*and in the porthem part of the delta only 4 feet. 

Anubis, or Sirius, the Dog-star, was held in veneration by the 
Egyptians, from its supposed influence on the rising of the Nile. 
According to Champollipn t the calendar of that extraordinary people 
commenced when the heliacal rising of that star coincided with the 
summer solstice — the time at which the Nile began tegrise at Cairo, 
^pa&ihis coincidence, according to the most accurate calculation, took 
place about 3291 years before the Christian era ; and as the jising 
of the river occurs at precisely the same time and in' the sarffe 
manner, it follows •that the heat' and periodical rains in Upper 
Ethiopian have not varied for 5000 years. In the time of Hipparchus 
the summer solstice was in the sign of Leo, and probably abbut that 
period the flowing of the fountains from the mouths of lions of 
basalt and granite was adopted as emblematical of jthe pouring forth 
of the floods of the Nile. The emblem is, still common among the 
Egyptian monuments transported to Rome. Sincathen the signs of 
the Zodiac have retrograded more than 30 degrees. 

'■"The two greatest African rivers, the Nile and the Niger, are dis- 
similar in almost every circumstance ; the Nile, discharging its 
waters for ages into a sea, the centre of commerce and civilization, 
has been renowned by the earliest historians, sacred and profane, for 
the exuberant fertility of its banks, and for the learning and wisdom 
of the people who inhabited them, and on which they Jiave left mag- 
nificent and imperishable monuments of their genius and power. 
Egypt was fdr ages the seat of science, and by the Red Sea it 

had intercourse with the most highly cultivated nations of the 
«. * ■ 

1 The April rains in Abyssinia are slight, and coincide with the passage of 
the sun in the prime vertical, and a partial rise of the Nile corresponding to 
them has been observed at Cairo, but the principal rains, the probable cause of 
the great rise in the waters of th^Nile, take place at a later period in En&rea, 
and probably throughout all Ethiopia, between 7° and 9° N. It rains there # 
every day in September, and as the maximum rise of the Nile, at .Cairo is in 
October, these two phenomena are evidently connected.— * 
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East from time immemorial. The Niger, on the contrary, though 
its rival in magnitude, and running through a country glowing 
with ail the brilliancy of tropical vegetation, has ever been in* 
habited by barbarous or semi-barbarous tribes ; and its course till 
lately was little known, as its source still is. In early ages, before 
the Pillars of Hercules had been passed, and indeed long afterwards, 
the Atlantic coast of Africa was an unknown region, aftl thus the 
flowing of the Niger into that lonely ocean kept the natives in their 
original rude state. Such arc the effects of local circumstances on 
the intellectual advancement of mankind. 

The sources of the Niger, Joliba, or Quorra, are supposed to be on 
the northern side of the Kong Mountains, in the country of Bam- 
barra, more than 1600 feet above the level of the sea. From thence 
it runs north, and, after passing through Lake Debo, makes a wide 
circuit in the plains of Soudan through flight or nine degrees of 
latitude ; then bending round, it again approaches the Kong Moun- 
tains, at the distance of 1000 miles in a straight line from its source, 
and having threaded them, it flows across the low lands into the 
Gulf of Guinea. Jn the plains of Soudan it receives mafiy very 
large affluents from the high land of Scnegambia on the weaf^aii^ 
the Tchadda on the east — a navigable river larger than itself, falls 
into it a little below Fundah, after a course of some hundred 
miles : thus the Niger probably affords an uninterrupted water-com- 
munication from the Atlantic tt> the heart of Africa. 1 Long before 
emerging from the plains of .Soudan it becomes a nofile river with a 
placid stream, running at the rate of from five to eight miles an 
hour, varying iff breadth from one to eight miles. Its banks are 
studded with populous towns and villages, surrounded by groves of 
palm-trees, and cultivated fields. 

This great river divides into three branches near the head of a dfljta 
which is equal in area to Ireland, intersected by navigable branches 
of the principal stream in every direction. The soil consists of a rich 
mould and the vegetation is so rank that the trees seem to grow out of 
the water. The Nun, which, is the principal or central branch, flows 
into the sea near Capo Formosa, and is that by which the brothers 
Lander descended. There are, however, six rivers which run* into 
the Sight of Benin, all communicating with the Nigej, find with one 
another. The old Calabar is the most eastern ; it rises in the high 
land of Calbongos, and is united to the Nip^r by a natural canal.* 
The Niger, throughout its long winding course, lies entirely within 
the tropic of Cancer, and is consequently subject to periodical inun- 
dations, which reach their greatest height in August, about 40 or 50 
days after the summer solstice. The plains of Soudan aie then 


1 Captain W. Allen, R.N. 
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covered with water and crowded by boats. These fertile regions are 
inaccessible to Europeans from the pernicious climate, and from the 
savage nature of many of the tribes. 

The coast of Guinea, west of the Niger, is watered by many 
streams, of no great magnitude, descending from the Kong Moun- 
tains. From the table-land of Senegambia ris^the Rio Grande, the 
Gambia, the Senegal, and* others of great "size, and also many of 
an inferior order that fertilize the maritime plains on the Atlantic. 
Their navigable course is cut short by a chain of mountains which 
fortns the escarpment of the high land, through which they force 
their way in rapids and cataracts. The Gambia rises in Foula Toro, 
and after a course of about 600 miles enters the Atlantic by many 
branches connected by natural channels, supposed at one time to 
be separate rivers. The Senegal, the largest river in this part of 
Africa, is 850 miles long, It receives many tributaries in the upper 
part of its course, and the lower is full of islands. It drains two 
lakes, and is connected With the waters of the basin of the Gambia 
by the river Neriko. 
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CHAPTER •XVIII. 

Asiatic Rivers — Euphrates and Tigris — River-Systems South of the 
Himalaya — Chinese Rivers — Siberian Rivers. 

The only river-system of importance in Western Asia is that of the 
Euphrates and Tigris, in the basin of which, containing an area of 
230,000 square miles, immense mounds of earth, in a desolate 
plain, point out the sites of the most celebrated cities of antiquity 
— Nineveh and Babylon. Innumerable remains and inscriptions, 
the records of times very remote, have Ibeen discovered of late 
years, and bear testimony to the truth bf 'some of the most in- 
teresting pages of sacred history. The Euphrates, and its affluent 
the Merad-Chai (supposed to be the stream forded, as the Euphrates, 
by the Ten Thousand in their retreat), rise in the heart of*ArfH§nie., 
and, after running 1800 miles on the table-land to 38° 4T of north 
latitude, they join the northerns branch of the Euphrates, which rises 
in the Gheul Mountains, near Erzeroum. The whole # river then 
descends in rapids through the Taurus chain into the plains of 
Mesopotamia. 

The Tigris rises in tne mountains to the north and west of Dvar- 
bekir, and aftel receiving several tributaries from the high lancfs of 
Kurdistan, it pierces the Taurus range about 10^-miles above Mosul, 
from whence it descends in a tortuous course through the plain of 
ancient Assyria, receiving many streams* from the Tyari moun^ins, 
inhabited by the Nestorian Christians, ancl, farther south, from those 
of Luristan. The country through which it flows is rich in corn- 
fields, date-groves, and forest-trees. 1 Near the city of* Bagdad the 

1 It is in the space comprised between two # of the eastern tributaries of the 
Tigris, the Khaus and the Great Zab, or Abou Selraan of the Arabs, that the 
extensive ruins of Koyunjik, Khorsabai, and especially ofr Nimroud, are 
situated, the last of which have been so satisfactorily identified with the capi- 
tal of Assyria — the ancient Nineveh — by our enterprising . countryman Mr. 
Layard, to whose exertions, under circumstance* of peculiar difficulty, our 
national Museum is principally indebted for that magnificent collection of 
Assyrian monuments which at this moment forms the admiration of the 
British public. In the former edition of this book we expressed a hope that 
our Government would follow up the researches commenced by Mr. Layard, 
and that several of the gigantic sculptures removed by him with such perse- 
verance and labour, to Buseorah, would ere long be added to the riches of the 
British Museum. These hopes have been since responded to ; Mr. Layard 
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Tigris and Euphrates approach to within 12 miles of each other, 
where they were once connected by two great canals. From this 
# point they run nearly parallel for more than 100 miles, encircling 
the plain of Babylon or Southern Mesopotamia — the modem Irak- 
Arabi. The two rivers unite at Koma, and form one stream, which, 
under the name of Shat cl Amb, runs for 150 miles before it fails 
into the Persian Gulf. The banks of the Tigris and Euphrates, once 
the seat of an extensive population, and of art, civilization, and in- 
dustry, are now nearly deserted, covered with brushwood and grass, 
dejamdcni on the rains alone for that luxuriant vegetation which, 
underran admirable system of irrigation, formerly covered them. 
Excepting the two large centres of population, Bagdad and Mosul, the 
» inhabitants consist of nomade Kurdish tribes/ Wha^ remains of 
civilization has taken refuge in the mountains of the ancient Chal- 
deans, where the few traces of primitive and most ancient Christianity, 
under the’ misapplied denomination of Nestorian Christians, are to be 
found in the Tyari range* The floods of the rivers are very regular 
in their rise and fall ; beginning in March, they attain their greatest 
height in* June. 

Tiw^Petsian Gulf may be navigated by steant' all the year, the 
Euphrates only eight months ; it might, however, afford easy inter- 
course with eastern Asia, as it did ip former times. The distance 
from Aleppo to Bqmbay by the Euphrates is 2870 miles, of which 
2700, front Bir to Bombay, are by water ; in the time of our Queen 
Elizabeth this Was the common route to India, and a fleet was then 
kept at Bir expressly for that navigation'. 

Six rivers of the first magnitude descend from the southern side of 
the table-land of eastern Asia and its mountain barriers, all different 
in origin, direction, and character, while they convey to the ocean a 
greater volume of water thaq all the rivers of the rest of the continent 
conjuintly. Of these, the Indus, the double system of the Ganges 
and Brahmapootra, and the three parallel rivers of the Indo-Chinese 
peninsula, water the plains of southern Asia ; the great system of 
rivers that descend from the eastern terraces of the table-land irri- 
gates the fertile lands of China ; and lastly the Siberian rivers, not 
inferior to any in magnitude, carry the waters of the Altai and 

northern slope of the great Asiatic table-land to the Arctic Ocean. 

( 

having been again enabled to return to the scene of his former labours by the 
liberality of Her Majesty's Government, and to add new treasures to his former 
collections. Since then Colonel Rawlinson and Mr. Loftus have done a great 
deal to extend the discoveries of Mr. Layard — still much yet remains to be 
effected ; the field of research is so vast, and pecuniary assistance only wanting 
to reap in it. 

See Mr. Layard’s work on ( Nineveh and its Remains,’ 2 vols. 8vo., and his 
illustrated work in folio — the former one of the most interesting narratives ever 
published on the antiquities of Central Asia, 
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The sources of the Indus were onjy accurately ascertained in ■ 
1812. They ris&at the foot of the snowy mountains of Karakorum 
in. a ridge that runs directly across the table-land which divides 
Tibet into the two basins of the Indus and Brahmapootra drainage. ( 
The direction of both rivers lies parallel to the axis of the Himalaya 
till they reach its known extremities, where they, descend rapidly 
and turn abruptly through the Himalaya in their way to the 
plains of India. The Ladak, or main stream of the Indus, is 750 
miles long from its head, which is called the Lion river, about t\m 
82nd eastern meridian to Acho in Lower Balti. It is joined bjttihe 
Shyok, whigh flows from the Kentese or Gangri mountains north of 
the sacred lake ofManasarowar, and by the Niebra Indus, rising near 
the pass of the Karakorum, and little inferior to the Ladak Indus, to 
which it is tributary. At first it runs to the east, then turning sharp 
to the west it joins the main stream about the 76th meridian. At 
Acho, in Lower Balti, after a course of 200 miles, the Tibet Indus 
descends west of the valley of Cashmere to the plain of Punjab. 
According to Capt. Strachey, the Tibetan Indus drains 47,000 Square 
miles. The greatest of its tributaries, the Sutlej, also a ^pibtfuui 
stream, has two sources— one in the valley of Tsotso,^nd the other, 
known as the Elephant river, isfgies from the lake R’akas in the 
Gangri valley. These two streams, flowing in opposite directions, • 
meet and break in one stream trough the Himalaya about the 
75th meridian, which traverses the whole breadth oPthe chain in 
frightful chasms to the plains* of the Punjab. Three tributaries — 
the Jelum or Hydaspes, the Chenab or Acescines, and the Ravee of 
Hydraotes, all superior to the Rhone in size — flow ftfaji the southern 
face of the Himalaya, and with the Sutlej (the ancient Hyphasis) 
join the Indus before it reaches Mittun ; hdnee the name Punja^ 

“ the plain of the five rivers,” now one of the Inost valuable countries 
of our Eastern Empire. From Mittun to the ocean, Indus, like 
the Nile, does not receive a single accessary, and from the same 
cause — the sterility *)f the country through which it passes.* The 
Cabul river, which rises near Guzni and is joined by a larger affluent 
from the southern declivities of the Hindoo Coosh, flows through 
picturesque and dangerous defiles and joins the Indus # atf the town 
of Attock, and is the only tributary of any magnitude that enters 
it from the west. * 

The Indus is not well adapted for navigation : for 70 miles after it 
leaves the mountains the descent in a boat is dangerous, and it is 
only navigable for steam-vessels of small draught of water ; yet, 
•from the fertility of the Punjab, and the near approach of its basin 
to that of the Ganges at the foot of the mountains, it has already 
become a valuable acquisition, because it commands the principal 
roads between Persia and India, one through Cabul and Peshawur, 

jP3 
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and the other from Herat ^through Candahar. The delta of the 
Indus, formerly celebrated for its civilization, hfcs long been a desert ; 
but from the luxuriance of the soil, and the change of political cir- 
cumstances, it may again resume its pristine aspect. It is 60 miles 
long, and presents a line of 120 miles along the sea in the Gulf of 
Oman, where the riveT empties itself by many mouths, of, which 
only three or four are navigable ; one only can be entered by vessels 
of 50 tons, and all are liable to change. The tide ascends them 
frith extraordinary rapidity for 75 miles, and so great is the, quan- 
tity of mud carried by it, and the absorbing violence of the eddies, 
that a vessel wrecked on the coast was buried in sand and mud in 
two tides. The annual floods begin with the melting of the snow in 
the Himalaya towards the end of April, attain their greatest height- . 
in July, and end in September. The length of the Indus is 1960 
miles, and it drains an area of 312,000 square miles ; but this is 
uncertain. * c 

The second group of South Indian rivers, and one of the greatest, 
is the* double system of the Ganges and Brahmapootra. These two 
nverg^though wide apart at tlieir sources, runAm opposite sides of 
the Himalaya, and, converging to a common delta, constitute one of 
the most important river-system^- on the globe. . ' ■ 

• Mr. t Alexander Elliot, son of Admiral Elliot, with his friends, 

are the first who accom pli sheef the arduous expedition to the 
sources of the Ganges. The river flows at once in a* very rapid 
stream not less* than 40 yards across, from a huge cave in a per- 
pendicular wall of ice at a distance of about three marches from the 
Temple of Gungootree, to which the Hindoo pilgrims resort in great 
numbers. Mr. Elliot says, “ The view from the glacier was per- 
Jy ctly amazing ; beautiful or magnificent is no word for it— 4t was 
really quite astonishing. If you could fancy a bird’s-eye view of all 
the mountains in the world in one cluster, and every one of them 
covered with snow, it would hardly give you an idea of the sight 
which presented itself.” » 

Many streams from the southern face of the Himalaya unite at 
Hurdwar to form the great body of the river. It flows from thence 
in a south-easterly directi6n through the plains of Bengal, receiving 
in its course the tribute o£ 19 or 20 rivers, of which 12 are larger 
than the Rhine. 4-bout 220 miles in a direct line from the Bay° of 
Bengal, into which the Ganges flows, the innumerable channels and 
branches into which it splits form 'an intricate maze over a delta 
twice as large as that of the Nile. * 

The Brahmapootra, a river superior in the volume of its waters to * 
the Ganges, may be considered as the continuation of the Dzangho 
Tchou, or river of Lassa, which rises near the easternmost of the Sacred 
Lakes of Manasarowar, and not far froin the sources of the Sutlej, 
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in long. 82° E. After watering the great longitudinal vAlley of 
eastern Tibet, it makes a sudden bend to the south in long. 900 E., 
cutting through the Himalaya chain, as the Indus does at its oppo- 
site extremity between Iskardo and Attock ; after which it receives 
several tributaries from the northern mountains of the Birman 
empire ; but very little is known of this part of its basin. The 
Dzahgho Tchou is parallel to the Himalaya chain, until it enters 
Upper Assam, where it is joined from the north-east by the Brah- 
mapootra, properly so called, a still larger stream which havjng 
passed through the sacred pool of Brahma-Koond, it receives the 
name which it bears in the lower part of its course — Brahmapootra, 
the “ offspring^ Brahma the natives call it the Lakit, Sanscrit 
for the “ Red River.” In Upper Assam, through which the united 
streams wind 500 miles, it forms some extensive channel islands, 
and receives six very considerable accessories, of which the origin 
is unknown, though some are supposed tp come from the table- 
land of eastern Tibet. They are only navigable in the plains, but 
vessels of considerable burthen ascend the parent stream as far 
ag Sundiva. Before it enters the plains of -Bengal, bclqjs; G*yal- 
* para, the Brahmapootra runs with rapidity and in great volume, 
and, after receiving the rivers of Bhotan and other streams, 
branches of it unite with tliSse of 'the Ganges about 40 miles 
from the coast, bht the twQ rivers enter the sea by* different 
mouths, though they sometimes approach within Awo miles. The 
length of the Brahmapootra* is estimated at 1680 miles, or nearly 
the same as tha| of the Ganges : the volume of water dischargedJby 
it during the dry season is about 146,188 cubic feet in a second ; 
the quantity discharged by the Ganges in the same time and under 
the same circumstances is only 80,000 cubic feet. In the perennial 
floods the quantity of. water poured through the tributaries oMhe 
Brahmapootra from their snowy sources is incredible ; the plains of 
Upper Assam are an entire sheet of water from the 15th of June to 
the 15th of September, and there is no communication but by ele- 
vated causeways eight or tdn feet high ; the two rivers, with their 
branches, lay the plain of Bengal Under water for hundreds of miles 
annually. They begin first to swell from the melting# of the snow 
on the mountains, but, before their inferior streams? overflow from 
that cause,, all the lower parts of Bengal adjacent to the Ganges and 
Brahmapootra are under water from* the spelling of these rivers 
by the rains. The increase is arrested, before the middle of 
August, by the cessation of the rains in the mountains, though they 
continue to fail longer on the plains. The delta is traversed in every 
direction by arms of the rivers. The Hoogly branch, at all times 
navigable, passeS Calcutta and Chandemagor ; and the Hauringotta 
arm is also navigable, as well as the Ganges properly so called. 
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Th® ch&mels, however, are perpetually changing, .from the strength 
of tfae current and the prodigious quantity of matter brought down 
fieotb. the high lands ; the Ganges alone carries to the sea 6,000,000,000 
cubic feet of mud annually, the effects of which ar§ perceptible 60 
miles from the coast. The elevation of the mountains, and indeed 
of the land generally, must have been enormous, since it remains still 
so stupendous after ages of such degradation. The Sunderbunds, a 
Congeries of innumerable river-islands formed by the endless streams 
an£ narrow channels of the rivers, as well as by the indentations of 
arms of the sea, line the coast of Bengal for 180 miles, a wilder- 
ness of jungle and forest. The united rivers of the Ganges and 
Brahmapootra drain an area of 432,480 square m%0, and there is 
scarcely a spot in Bengal more than 20 miles distant from one of 
their tributary streams, navigable even in the dry season. 

These three great rivers of Southern India do not differ more 
widely in their physical circumstances than in the races of men who 
inhabit their banks, yet from their position they seem formed to 
unite unions the most varied in their aspect and speech. The tri- 
butaries^ the Ganges and Indus come so near tb each other at ilje 
foot of the mountains, that a canal only two miles long would unite • 
them, and thus an inland navigation from the Bay of Bengal to the 
Gulf of Oman might be established. 

An immense volume of water is t poured in‘ a series of nearly 
parallel rivers W great magnitude, and running in a meridional 
direction through the Indo-Chinese peninsula, to empty them- 
selves into the ocean on cither side of the peninsula of Malacca. 
They rise in those elevated regions at the south-eastern angle of the 
table-land of Tibet, the lofty but unknown provinces of the Chinese 
empire, and water the great valleys that extend nearly from nojtli 
to wuth with perfect uniformity, between chains of mountains no 
less uniform, which spread out like a fan as they approach the sea. 
Scarcely anything is known of the sources or upper pajts of these 
rivers, and, with a few exceptions, little of the lower. 

Their number amounts to six or seven, all large, though three 
surpass the rest in size — the Irrawady, which waters the Birman 
empire, and,, falls into the Bay of Bengal at the Guff of Martaban ; 
the Menam, oi river of Siam ; and the river Cambodja, which flows 
through the empire of Anam : the last two fall into the Gulf of 
Siam and the China Sea. * ’ 

The sources of the Irrawady are in the same chain of mountains 
with the eastern affluents of the Brahmapootra. Its course is 
through countries hardly known to Europeans, but it appears that 
it is navigable by boats before reaching the city of Amarapoora, 
south of which it enters the finest and richest plaih of the empire, 
containing its four capital cities. There it receives two largo 
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affluents, nne from the Chinese province of Yunnan, which flows 
into the Irrawady at the city of Ava, 446 miles from the sea, the 
highest point attained by the British forces during the Burmese 
war. 

From Ava to its delta the Irrawady is a magnificent stream, more 
than four miles broad in some places, but encumbered with numerous 
islands. Ii* this part of its course it receives its largest tributary, 
and forms in its delta one of the most extensive systems of internal 
navigation. The 'Rangoon is the only one of its 14 mouths tha| is 
always navigable, and in it the commerce of the empire is concen- 
trated. The internal communication is extended by the junction 
of the two mo*t navigable deltoid branches with the rivers Saluen 
and Pegu by natural canals : that joining the former is 200 miles 
long ; the canal uniting the latter is only navigable at high water. 

The Menam, one of the largest Asiatic rivers, is less known than 
the Irrawady ; it comes from the Chinese province of Yunnan, and 
runs through the kingdom of Siam, which it cuts into several islands 
by many diverging branches, and enters the Gulf of Siam J»y three 
principal arms, the most easterly of which forms the harbour of 
Bangkok. It is joined to the Menam Kong, or Cambodja, by the 
A small river Anan-Myit. 

The river of Cambodja has thfl longest course of any in the penin- 
sula : it is supposed" to be the L^ntsan-Kiang, whiefi rises in the high 
land of K’ham, in eastern Asia, not far from thtf-sources of the 
great Chinese river, the Yang-tse-Kiang. After traversing the ele- 
vated plain of ^unnan, where it is navigable, it rushes through the 
mountain barriers, and, on Teaching a wider valley, about 300 miles 
from its mouth, it is joined to the Menam by the* natural canal of 
tlm Anan-Myit. More to the south it is said to split into branches 
wmch unite again. 

The ancient capital of Anam is situate on the Cambodja, about 
150 miles from the sea ; a little to the south its extensive delta 
begins, projects far into the ocean, and is cut in all directions by 
arms of the river, navigable "during the floods ; three of its mouths 
are permanently so for large vessels up to the capital. The Saiing, 
more to the east, is much uhorter than the Cambodja, Jthough said 
to be 1000 miles long, but Europeans have not ascended higher 
than the town of Sai-Gon. Near its mouth it sends off several 
branches to the eastern arm of the Cambodja. All rivers of this 
part of Asia are subject to periodical inundations, which fertilize 
the plains at the expense of the mountains. 

The parallelism of the mountain chains constitutes formidable 
barriers between the upper basins of the Indo-Chinese rivers, and 
decided lines of separation between the inhabitants of the inter- 
vening valleys ; but this inconvenience is in some degree cornpen- 
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sated by the natural canals of junction and the extensive water- 
communication towards the mouths of these rivers. 

Four great systems of *rivers take their origin on the eastern 
declivity of the great table-land of central Asia, and, running from 
west to east, traverse the -Chinese empire : — the Hong-Kiaug, which, 
rising in the province of Yunnan, empties itself into the bay of 
Canton ; the Yang-tse-Kiang, or Son of the Ocean ; Jfche Hoang- 
Ho ; and the great river Amur. 

Jhe length of the Hoang-Ho or Yellow River is 2280 miles, that 
of the Yang-tse-Kiang 2880. Though near their sources they are 
widely separated by the mountain-chains that border the table -land, 
they approach each other as they proceed on their eastern course, and 
are not more than 100 miles apart when they enter the Yellow Sea. 
From a map constructed by the Jesuit missionaries in the 18th 
century, it appears that the mouth of the Hoang-Ho has shifted to 
the enormous distance of 126 leagues from its former position. The 
Yang-tse-Kiang and the Yellow River, in the lower part of their 
course, jire united by innumerable canals, forming the grandest 
system o£irrigation and of internal navigation in existence. 

The Hoang-Ho has derived its name of “ Yellow ” River from 
the large quantity of. earthy matter it brings down with it to the 
sea, like the Tiber. 9 

Strong ‘tides ascend these rivers to, the distance of 400 miles, and 
for the time prevent the descent of the fresh water, which forms 
large interior seas, frequented by thousands of trading-vessels ; 
they irrigate the productive land of central China v from time im- 
memorial the most highly cultivated and the most densely-peopled 
region of the glooe.' 

Almost all the Chinese-rivers of less note — and they are numerous 
— feed these giant streams) with the exception of the Ta-si or Hong- 
Kiang and the. Pee-Ho or White River, which have their own 
basins. The former, rising to the east of the town of Yunnan, flows 
through the plains of Canton eastward to the Gulf of Canton, into 
which it discharges itself, increased in its course by the Sekiang. 

The White River, rising in* the mountains near the Great Wall, 
becomes navigable a few miles east ofrPekin, unites with the Eu- 
ho, joins the Great Canal, and, as the tide ascends it for 80 miles, 
it is crowded with trading- vessels. 

The Amur, the sources of which are partly in the Russian 
territory, though its course is -chiefly in the Chinese Mantchouria, 
is 2380 miles long, including its windings, and has a basin of 
582,880 square miles. Almost all its tributaries come from that 
part of the Baikalian group called the Yablonnoi Khrebet by the 
Russians, and Khing-Khan-Oola by the Chinese. The river Onon, 
which is the parent stream, has its origin in the Khentai Khan, a 
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Branch of the latter? and thongh its course is through an unin- 
habited country, it is celebrated as having been the birthplace and the 
scene of the exploits of Tshingis*Khan. After passing through the 
lake of Dalai-nor, which is 210 miles in circumference, it takes the 
name of Afgun, and forms the boundary between China and 
Russia for 400 miles ; it is then joined by the Shilka, where it 
assumes the Tunguse name of the Amur or Great River : the Mant- 
choos call it the Saghalin or Black Water. It receives most of the 
unknown rivers which come from the mountain-slopes o£»the Great 
Gobi, and falls into the Pacific opposite to the island of Saghalin, 
after having traversed 3° of latitude and 33° of longitude. 

Three great rivers, the Lena, the Yenessei, and the double system 
of the Irtish and Oby, not inferior in size to any of the rivers of Asia, 
carry off the waters of the Altai chain, and of the mountains 
which bound the northern border of the great Asiatic table-land. 
The Lena, whose basin occupies 594,400' square miles, rises in 
mountains north of the Lake of Baikal, and runs north-east 
^through more than "half its course to Yakutzk in Siberia, the 
coldest town on the face of the earth, receiving in itg, course the 
Vitim and the Olekma, its two principal affluents, the former from 
the Baikal mountains, the latter from Stannovoi Khrebet, the most 
southerly part of the Aldan range. North of Yakutzk, about the 
63rd parallel of latitude, the .Lena receives the Aldan, Its greatest 
tributary, which also comes from the Stannovofc^Khrebet ; it then 
runs to the Arctic Ocean, Between banks of frozen mud, prodigious 
masses of which are hurled down by the summer floods, and e:£pose 
to view the bones of those extinct species o£ huge elephants and 
rhinoceros, which at some remote period had found {heir nourish- 
ment in these desert plains. 1 The length of the Lena, including its 
windings, is 2400 miles. • 

The Yenessei, a much larger river than the Lena, drains about 
784,530 square miles, and is formed by the union of the Great 
and Little Kem. The former rises at the junction of the Sayansk 
range with the Baikalian mountains to the north-west of Lake 
Kassagol ; the latter comes from the Egtag or Little Altai, in quite 
an opposite direction, so that these two meet nearly art right angles, * 

• 

1 The elephant and rhinoceros of Siberia belong to species that are widely 
scattered over the whole of Europe. The Siberian individuals were covered 
with a thick coating of hair and fur, so different from any of their living 
congeners, which suggested to Cuvier the explanation of their being able to 
exist in so cold a climate, where, from their extraordinary state of preservation, 
they must evidently have lived, their hairy coats enabling them to brave 
an excessive climate, whilst thqy found nourishment in the birch and pine 
forests of these high latitudes. — See Cuvier, * Ossemens i’ossiles/ article * Ele- 
phants Fossiles. 
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and take the name of Yenessei ; it then crosses the Sagaetses range 
in cataracts and rapids, entering the plains of Siberia below the 
town of Krasnoyarsk. Below this man y rivers join it, chiefly the 
Angara from the Lake Baikal; but its greatest tributaries, the 
Upper and Lower Tunguska, both large rivers from the Baikalian 
mountains, join it lower down, the first to the south, the lattes to 
the north of the*town of Yeniseisk, whence it runs north to the Icy 
Ocean, there forming a large gulf, its length, measured along its 
bed, Jbeing^2800 mileS. 

The Oby rises in the Lake of Toleskoi, “ the Lake of Gold,” in 
Great Tartary ; all the streams of the Lesser Altai unite to augment 
its waters and its great tributary the Irtish. The rivers which 
descend from the northern declivity of the mountains go to the 
Oby, those from the western side to the Irtish. The latter springs 
from numerous streams on the south-western declivity of the Little 
Altai, and runs westward :pto the Zaidzan Lake, 200 miles in circum- 
ference. Issuing from thence, it takes a westerly course to the plain 
on the no$h of Semipolatinsk, in which it is 'joined by the Tobol, 9 
which crosses the steppe of the Kirghiz * Cossacks from the Ural 
Mountains, and then it unites with the Oby ; the joint stream pro- 
ceeds to the Arctic Ocean, into which it falls in 67° N. lat. The 
Oby is 2400 miles long, and the basin of these twd rivers occupies a 
third part of the area of Siberia. , 

Before the Oby leaves the mountains, at a distance of 1200 miles 
from the Arctic Ocean, its surface has 4 an elevation of not more 
than- 400 feet, and the Irtish, at the same distance, is only 72 feet 
higher; both the currents are consequently sluggish. When the 
snow melts they cover the country like seas ; and as the inclination 
of the plains in the middle and lower parts of their course is hot 
sufficient to carry off the water, those immense lakes and marshes 
are formed which characterise this portion of Siberia. 

* The bed of the Oby is very deep, and as the water is very deep at 
its mouth, the largest vessels can ascend the stream as high as where 
the Irtish enters it. Its many affluents also might admit ships, did 
not the climate form an insurmountable obstacle during the greater 
•part of the year. Indeed all Siberian rivers are frozen annually for 
many months, aifd even the ocean along the Arctic coasts is rarely 
disencumbered from ice; therefore these vast rivers nevdr can be 
important as navigable streams. They abound in fish and water- 
fowl, for which the Siberian peasant braves the extremest severity of 
the climate. 

Local circumstances have nowhere produced a greater difference in 
the human race than in the basins of the great rivers north and south 
of the table-land of eastern Asia. The Ihdian, favoured by the finest 
climate, and a soil which produces the luxuries of life, intersected 
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with rivers navigable at all seasons, and affording easy communica- 
tion with the surrounding nations, attained early a high degree of 
civilization, which has since been 'lost ; while the Siberian and 
Samoyede, doomed to contend with the rigours of the polar blasts 
in order to maintain mere existence, have never risen beyond the 
lowest grade of humanity ; but custom softens the rigour of this 
stern life, so that even here a share of happiness is enjoyed. 
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CHAPTER XIX. 

IJiver-S^stems of North America — Rivers pf Central America'— Rivers of 
South America and of Australia. 

North America is divided into four distinct water-systems by the 
Rocky Mountains, the Alleghanies, and a table-land which contains 
the great lakes, and separates the rivers that flow into the Arctic 
Ocean from those which run into the Gulf of Mexico.; This table-land, 
which is a level, nowhere more than 1200 or 1500 feet above the 
surface of the sea, is the watershed of the Mississippi, the Mackenzie, 
the St. Lawrence, and of the rivers that flow into Hudson Bay. 
The St. Lawrence rises under the name of the St. Louis in 47° 43 f N. 
lat. ancf 1 ' 93° W# long. ; after joining the Lafcfcs Superior, Huron, 
Erie, and Ontario, it issues from the last by the name of the 
Iroquois, and, expanding in its nc&rth -easterly course into the Lakes 
of St. Francis, St. Louis, and St. Peter, it is first known as the St. 
Lawrence at •Montreal, from whence it runs north-east into the At- 
lantic and ends in an estuary 100 miles wide. It has a basin of 
297,600 square miles, of which 94,000 are covered with water, 
exclusive of the many lesser lakes with which it is in communi- 
cation. *** ~ *** * 

North of the watershed there is an endless and intricate labyrinth 
oMakes and rivers, almpst all connected with one another. But the 
principal streams of these Arctic lands are — the Great Fish River, 
which flows north-east in a continued series of dangerous and all but 
impassable rapids to the Arctic Ocean at Melville Strait ; the Copper- 
mine River, of much the same character, which, afteV traversing 
many lakes, enters the Icy Sea at George the Fourth Gulf ; the 
. Mackenzie River, a stream of greater magnitude, formed by tfie con- 
fluence of the Peace River and the Athabasca from the Rocky 
Mountains, which, after flowing north over 16° of latitude, enters the 
Frozen Ocean in the Esquimaux country beyond the Arctic Circle ; 
and the Ctf ville, a very large river, the upper course of which in 
the Russian possessions is very little known, enters the sea near 
Point Barrow, in 152° W. longitude. All these rivers are frozen 
more than half the year, and the Mackenzie, in consequence of its 
length and direction from south to north, is subject to floods like the 
Siberian rivers, because its lower course remains frozen for several 
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hundred miles long after the upper part has thawed, and the water, 
finding no outlet, flows over the ice and imfndates the plains. Although 
the Arctic coast is so stern, a fine country to the south has been for 
many years in possession of the British empire, which might have 
been a rich and flourishing colony, but which has hitherto only sup- 
plied the London market with fur. 

South of the table-land the valley of the Mississippi extends for 
1000 mil&, and this greatest of North American rivers has its origin 
in the junction of streams from the small lakes Itaska and JJssavja, 
on the table-land at no greater height than 1500 feet above the sea. 
Before their junction these streams frequently spread out into sheets 
of water, and the Mississippi does the same in the upper part of its 
> course. This river flows from north to south through more degrees 
of latitude than any other, and receives so many tributaries of the 
higher orders that it would be difficult even to name them. Among 
those that swell its volume from the Rocky Mountains, the Missouri, 
the Arkansas, and the Red River are the largest, each being in itself 
a mighty stream, receiving tributaries without number. • Before 
their junction the Missouri is a river much superior to the Missis- 
sippi both in length and volume, and has many affluents larger than 
the Rhine. It rises in about 44° N. lat., and runs partly in a longi- 
tudinal valley of the Rocky Mountains, and partly jt their foot, ftnd 
drains the whole of the country pn the right bunk of the Mississippi 
between the 49 fh and 40th parallels of north latitude? It descends 
in cataracts through tho mountain regions, and in the plains it 
sometimes passes through large prairies and sometimes through 
dense forests, in all accomplishing 3000 miles in a very tortpous and 
generally south-eastern direction till it joins the Mississippi near the 
town of St. Louis. Lower down, the Mississippi is joined by the 
Arkansas, 2000 miles long, with many tributaries, and then by*the 
Red River, the former from the Rocky Mountains ; the latter, which 
rises in the table-land of New Mexico, is fed by rivers from the 
Sierra del Sacramento, and enters the mainstream not far from the 
beginning of the delta, at the Head of which the Mississippi sends off 
a large branch called the Atchafalaya to the south, and then turning 
to the east it discharges itself by five mouths at the extremity of a 
long tongue of land which stretches 50 miles into the (Jfilf of Mexico, 
having Jprmed a delta considerably larger than that of the Nile. The 
shore is lined with shallow salt lagoons *, the. grater part of the delta 
is covered with water and unhealthy marshes, the abode of the croco- 
dile, and during the floods it is a muddy sea. This river is navigable 
for 2240 miles. Its valley is of . variable width, but at its greatest 
breadth, at the junction of the White River, it is 80 miles. 

The tributaries from the Rocky Mountains, though much longer, 
run through countries of less promise thanjthose which are traversed 
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by tbe Ohio and the other rivers that flow into the Mississippi from the 
east, which offer advantaged unrivalled even in thiB wonderful coun- 
try, only beginning to be developed. 

The Ohio is formed by the union of the rivers Alleghany and 
Monongahela, the latter from the Laurel ridge of the Alleghany 
chain in Virginia ; the former has its sources near Lake Erie, and the 
two unite at Pittsburg, from whence the river winds for 948 miles 
througn some of the finest states of the Union, till its junction with 
the Mississippi, having received many accessories, six of which are 
navigable streams. There are some obstacles to navigation in the 
Ohio, but they have been avoided by canals. Other canals join both 
the Mississippi and its branches with Lake Erie, so that there is an 
internal water-communication between the St. Lawrence and the 
Gulf of Mexico. The whole length of the Mississippi is 3160 miles, 
but, if the Missouri be considered the main stem, it is 4265, and the 
joint stream drains aijt area of about a million and a quarter of square 
miles. The breadth of the river nowhere corresponds with its 
length.^ At the confluence of the Missouri each river is half a mile 
wide, and after tho*junction of the Ohio it is not more. A. steamer 
may ascend the Mississippi for 2000 miles from Balize without any 
perceptible difference in its breadth. The depth is 168 feet where it 
enters the Gulf of Mexico at NewOrleans 'i the fall of the river at 
Cape Girardeau is four inches in a mile. This Yiver is a rapid deso- 
lating torrent loaded with mud : its violent floods, from the melting 
of the snow in the high latitudes, sweep away whole forests, by 
which the navigation is rendered very dangerous at times, and the 
trees, being matted together in masses many yards thick, are carried 
down byVirt, *qMng floods, and deposited over the delta and Gulf of 
Mexico for hundreds of square miles. 

♦North America can bo&st of two other great water-systems, one 
from the eastern declivity of the Alleghanies, which flows into the 
Atlantic, and another from the westeYn side of the Bocky Mountains, 
which runs into the Pacific. * 

All the streams that flow eastward through the United States to 
the Atlantic are short, and of comparatively small volume, but of 
the highest utility, because many of them end in gulfs of vast mag- 
nitude, and tile whole are so united by canals that there are few 
places which are inaccessible by water — one of the greyest ad- 
vantages a country can possess. There are at least 24 great canals 
in the United States, the length of which is 3101 miles. At the end 
of the year 1845 the aggregate > inland distance navigable in the 
United States was 3450 miles. 

Many of the streams which fall into the Atlantic rise in the 
western ridges of the Alleghany chain, and traverse its longi- 
tudinal valleys before leaving the mountains to cross the Atlantic 
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slope, which terminates in a precipitous ledge for 300 miles 
parallel to the range. By falling over this rocky barrier in long 
rapids and picturesque cascades they afford an enormous and ex- 
tensive water-power; and as the ‘rivers are. navigable from the 
Atlantic quite across the maritime plains, these two circumstances 
have determined the location of most of the principal cities of the 
United States at the foot of this rocky ledge, which, though not 
more than 300 feet high, has had a greater influence on the political 
and commercial interests of the Union than the highest chains of 
mountains have had in other countries. The Hudson in the north 
is navigable to Albany; the Delaware and Susquehanna, ending 
in bays, are importfht rivers ; and the Potomac, which falls into 
Chesapeake Bay, passes by Washington, the capital of the United 
States, to which the largest ships can ascend. 

^The watershed of the Rocky Mountains lies at a greater distance 
from the Pacific than that of the Allcghanies from the Atlantic ; 
consequentfy the rivers are longer, but tlTey are few, and little 
known ; the largest are, the -Oregon or Colombia, and the Rio 
Colorado. The forcer has its sources not far from those of the 
Missouri and of the Rio del Norte ; and after an e^beedingly 
tortuous course, in which it receives many tributaries, it falls into 
the Pacific at Astorfh. The Collado is a Mexican stream, which 
comes from the Siewa Verde and falls into the Gfllf of California. 
The Sacramento with its tributaries, a Californian.stream, lying 
between the two, and much inferior to either, has been brought into 
notice of late from the extensive and rich auriferous country through 
which it flows tn its course to the Bay of San Francisco on the 
Pacific. 

On the table-land of Mexico* there is^a basin of continental 
streams, which, rising from springs on • the eastern '"Bide of 
Sierra Madre, and* fed by the periodical rams, flow northward and 
terminate in lakes, which part vrith their superfluous water by evapo- 
ration. Of these the Rio Grande, which, after a course of 300 miles, 
falls into the Parras, is the gseatest. 

The largest river in the isthmus of Mexico is the Rio de Lerma 
or Rio Grande Santiago, which rises on the table-land # of Toluca, 
passes through Lake Chapala, forms numerous cascades* and falls into 
the Pacific after a course of 400 miles. The River of Guasacualco, 
which traverses tl\e Isthmus nearly from sea te sea, emptying itself 
into the Gulf of Mexico, has by some been considered as the best 
point for a sea canal between the two oceans. There are many 
streams in Central America, and above 10 rivers that are navigable 
for some miles; six of these fall into the Gulf of Mexico and 
•Caribbean Sea, and four into the Pacific. Of these the Rio Mon- 
tagua, which rises iu the mountains near Guatemala, flows into the 
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Bay of Honduras,’ and the Blewfields river, the greater part of 
whose course is in the Mosquito’ territory. 

In the southern part of the State of Guatemala is situated the 
River of San Juan, which drains the Lakes of Nicaragua and Leon, 
and by which it is supposed a water-communication could be easily 
effected between the Atlantic and the Pacific. 

The Andes, the extensive watershed of South America, are so 
close to the sea, that there are no rivers of considerable size which 
empty themselves into the Pacific ; even some of the streams that 
rise in the western Cordilleras find their way to the eastern plains. 

The Magdalena, at the northern end of the Andes, though a 
secondary river in America, is 620 miles long. It rises in the 
central chain, at the divergence of the Cordilleras of Suma Paz and 
Quindiu, and enters the Caribbean Sea # by various channels : it is 
navigable as far as Honda. The Cauca, its only feeder on the west, 
comes from Popayan ? and is nearly as large as its primary, to which 
it runs parallel the greater part of its course. Many stieams join 
the Magdalena on the right, as the stream which waters the elevated 
plain of Bogota, and forms the cataract of Teqtiendama, one of the 
most beautiful and wildest scenes in the Andes. The latter river 
rushes through a chasm 30 feet wide, which appears to have been 
formed by an earthquake, and at n double bound descends 530 feet 
into a dar£ gloomy pool, illuminated only at noon by a few feeble rays. 
A dense cloud of vapour rising from it is visible at the distance of 
15 miles. At the top the vegetation is that of a temperate climate, 
while palms grow at the bottom. 

The river Atrato, parallel to the Cauca and Magdalena, but less 
considerable pkiYiipt.es itself into the Gulf of Darien. The rivers of 
Patia, of Ran Juan, of Las Esmeraldas, and of Guayaquil, all rise 
on <jhc western declivity of the Andes to flow into the Pacific. With 
these exceptions all the water from the inexhaustible sources of the 
Andes north of Chile is poured into the Orinoco, the River Ama- 
zon, and the Rio de la Plata, which convey it across the continent 
to the Atlantic. In the far south, indeed, there are the Colorado 
and Rio Negro, but they are insignificant when compared with the 
three giant, floods above named. 

The basins*of these three rivers are separated in their lower parts 
by the mountains and high lands of the Parima and Brazil ; but the 
central parts of the basins of all three, toward the foot of the Andes, 
form an extensive level, and are only divided from one another by 
imperceptible elevations in the plains, barely sufficient to form the 
watersheds between the tributaries of these majestic rivers. This 
peculiar structure is the cause of the natural canal of the Cassiquiare, 
which joins the Upper Orinoco with the Rio Negro, a principal* 
affluent of the Amazon, Ages hence, when the wilds are inhabited 
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by civilized man, the tributaries of these three great rivers, many 
of which are navigable to the foot of the Andes, will, by mean s of 
canals, farm a water-system infinitely superior to any that now exist*. 

The Orinoco, altogether a Colombian river, rises in the Sierra del 
Parima, 200 miles east of the elevated Peak of Duida, and maintains 
a westerly course to San Fernando de Atabapo, where it receives 
the Atabapo, and Guaviare, which is larger than the Danube ; here 
ends the Upper Orinoco. The river then forces a passage through 
the Sierra del Parima, and runs due north for three degrees of 
latitude, between banks almost inaccessible ; its bed is trav&sed by 
dykes, and filled with boulders of granite and islands clothed with 
a great variety of magnificent palm-trees. Large portions of the river 
are here engulfed in crevices, forming subterranean cascades ; in this 
• portion are the celebrated falls of the Atures and Apures, 3G miles 
apart, which are heard at the distance of many miles. At the end 
of this tumultuous part of its course it is joined by the -Meta, and 
farther north by the Apure, two very largo fivers, which drain the 
whole eastern side of the Andes in an extent of 10 degrees of 
latitude ; it then runs eastward to its mouth, where it forms an 
extensive delta and enters the Atlantic by many channelsf As the 
Upper Orinoco runs west, and the Lower Orinoco east, it fhakes & 
complete circuit found the Parima mountain system, so that its 
mouth is only two dogrees distant from the meridiaif of its sources. 

The Cassiquiare leaves the Orinoco near the south base of the 
Peak of Duida, and joins the. Rio Negro, a chief tributary of the 
Amazon, at the distance of 180 miles. m 

The Orinoco is ha vi gable for 1000 miles at al\ times of the vear ; a 
fleet might ascend it from the Dragon’s Mouth towi&vr Smiles of 
Santa F4 de Bogota. It receives many navigable rivers, of which the 
Guaviare, the Atuies, and the Meta are each larger than Hie Danube. 
THe Meta may be ascended to the foot of the Andes ; its ihean depth 
is 36 feet, and in many places 80 eft: 90. It rises at so great an elevation 
in the Andes that Humboldt says the vegetable productions at its 
source differ as much from those at its confluence with the Orinoco, 
though in the same latitude, as the vegetation of France does from 
that of {Senegal. The larger feeders of the Orinoco come from the 
Andes, though many descend to it from both sides o£ the Parima, 
in consequence of its long circuit among these low mountains. 

The basin of the Orinoco has an area of 300,000 square, miles, of 
which the upper part is one impenetrable forest, the lower consists of 
those extensive plains called Llanos. 

The floods of the Orinoco, like those of all rivers entirely within 
the torrid zone, are very regular, and attain their height nearly at 
the same time with those of the Ganges, the Niger, and the Gambia. 
They begin to rise about the 25th of March, and arrive at their 
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gjpatest height, when they begin to decrease, about the 25th of Au- 
A igOat, The inundations are very great, owing to the quantity of jain 
* flat falls in the wooded regions, which exceeds 1000 inches ib a year. 

; Below the confluence of the Apure the river is three miles and a 
quarter broad, but during the floods it is three times as much. By 
the confluence of four of its greatest tributaries at the point at which 
it bends to the east, a low inland delta is formed, in consequence 
of which 3600 square miles of the plain are under water during the 
inundations. 

Upp£r Peru is the cradle of the Amazon, the greatest of rivers, 
which drains the chain of the Andes from the equator to the 20th 
parallel of southern latitude. Its highest branch, which bears the • 
. name of Maranon, issues in two streams from the Lake of Lauricocha ^ 
in the plain of Bombon, at a great elevation in the Andes 32 leagues 
N.W. from the city of Lima : it runs in a deep longitudinal valley 
from south to north, till it bursts through the eastern / ridge at the 
Pongo de Manseriche, near the town of San Borja, from whence it 
follows^ an uniform eastern course of nearly 4000 miles including its 
windings, till it reaches the Atlantic. West of San Borja, and on 
its southern bank, it receives the Huallaga and Yucayali, the latter a 
river of great size which rises in the Andes of Vilcanota, S. of 
Cusco, where its source was visittd and its position determined by 
Mr. Pentland in 1838. The River Amazon is supposed to dflain 
an area of two millions and a half of square miles, which is ten times 
the area of France. In some places it has a great depth ; it is navi- 
gable as far as 2200 miles from its mouth, where it is 36 miles 
wide. t * 

The mltt-o-of the river is three times changed in itp course : it 
is known as the Marafton from its source to the confluence of the 
Yfcfcayali ; irom that pqiht to its junction with the Rio Negro it is 
called the Solimbes ; and from the Rio Negro till it enters the ocean 
it is the River Amazon. 

The number, length, and volkme of its tributaries are in pro- 
portion to its magnitude; even the c affluents of its affluents are 
noble streams. More than 20 superb rivers, navigable almost to 
their sources, pour their waters into it, and streams of less importance 
are numberless. Two of the largest are the Huallaga and the 
Yucayali : like their primary, the former has its origin near the 
mining district of Pasco, and after a long northern course between 
the Cordilleras it breaks through a gorge similar to that of Man- 
seriche and joins the Maranon in the plains ; it is almost a mile broad 
above its junction. The Spanish governor of Peru sent Pedro 
de Orsoa down this river in the year 1560 to search for the Lake of 
Parima and the city of El Dorado. The Yucayali, not inferior to 
the Marafion itself, is believed by some eminent geographeis to be the 
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true Marafion. In r a course of 1080 miles it is fed by tributaries 
from a wide extent of country, and at its junction with the main 
stream, near the mission, of San Joaquim de Omaguas, a line of 
50 fathoms does not reach the bottom, ancl in breadth it is more like 
a sea than a river. By these streams there is access to ftru, 
and there is communication between the Amazon and the most 
distant regions around by other navigable feeders. Little is known 
of the rivers that empty themselves into the Amazon on its southern 
bank, between the Yucayali and the Madeira ; one of the principal 
is the Purus, a noble river, that probably rises in the Aiffies at a 
short distance south-east of Cusco, as the stream called the Madre de* 
Bios ; the Madeira, which is the greatest affluent of the Amazon, 
rises near the sources of the Paraguay, the principal tributary 
of the Bio de la Plata. The River of the Amazon is not less ex- 
tensively connected on the north. The high lands of Colombia are 
accessible by the Ptftumayo, the Japura, and other great navigable 
rivers ; the Rio Negro, several miles broad, a little way above its 
junction •with the Amazon, unites it with the Orinoco^ by the 
Cassiquiare ; and lastly, the sources of the Rio Branco come very 
near to those of the Essequibo, an independent river of DGmerara. 

The main stream, from its mouth nearly throughout its length, 
is full of islands, and most of its tributaries have deltoid branches 
at their junction with it. # The annual floods* of the Amazon 
are less regular than those of the Orinoco, and,j^s .the two rivers 
are in different hemispheres, they occur at opposite seasons. 
The Amazon begins to rise in December, is at its greatest height 
in March, and its ‘least in July and August. The quantity of rain 
that falls in the deep forests traversed by this river L :r*great, that, 
were it not for the enormous evaporation, and the streams that 
carry it off, the country would be flooded # annually ffFThe depth of 
eight feet. The Amazon separates into two branches at its mouth, 
of which one joins the Para soifth of the island of Joanes or Marajo, 
the other enters the ocean to the north of it. 

The water of some of the rivers in equatorial America is whitish ; 
in others it is of a deep coffee-colour, or dark green when seen in 
the shade, but perfectly transparent, and, when ruffled by a breeze, 
of a vivid green, like some of the Swiss lakes. Irf Scotland the 
brown waters derive their colour from peat-mosses ; but it is not 
so in America, since they occur as often in forests as in savannahs. 
Sir Robert Schomburgk thinks they are coloured by ores of iron 
imbedded in the granite over which they flow ; however, the colour- 
ing master has not been chemically ascertained. The Orinoco and 
the Cassiquiare are milky ; Rio Negro, as its name implies, is black, 
yet the water does not stain the rocks, which are of a dazzling 
white. * 
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The Rio de la Plata forms the third great water-system of South 
America. The Rio Grande, its principal stream, rises in the moun- 
tains of Minas Geraes, in Brazil, and runs 500 miles on the table-* 
Hind from north to south before it takes the name of PararnL For 
mo?e than 100 miles it is a continued series of cataracts and rapids, 
the greatest of which, the Salto Grande, is in about 24° ,5' lat. 
Above the fall the river is three miles broad, when all at once it is 
contracted in a rocky pass only sixty yards wide, through which it 
rushes over a ledge with thundering noise, heard at the distance of 
many miles. .The Parana receives three large rivers on the right— 
the Paraguay, the Pilcomayo, and the Vermejo ; all generally tend 
to the south, and unite at different distances before entering their 
primary at Corrientes. The Paraguay, 1200 miles long, is the . 
largest of the three : in its upper part it is singularly picturesque, 
adorned with palms and other tropical vegetation ; its islands are 
covered with orange-groves. It springs from a chain of seven lakes, 
on the southern slopes of the Campos Parecis, in Brazil, and may be 
asccndeg by vessels Of*considerable burthen through 19° of latitude. 
The Pilcomayo and Yermejo both come from Bolivia ; but the former, 
which run^ through the district of Tarija, is too shallow for naviga- 
tion below Cayza ; and the latter traverses the Gran Chaco, inha- 
bited by hostile savage tribes. The Salado, wliich runs into the . 
Parana, might be* made navigable to within the province of Salta ; it 
would open an extensive country to* commerce. At Santa F4 the 
La Plata turns eastward, and before entering the Atlantic is aug- 
mented by the Uruguay from the north, which takes its^niftne from 
the turbulence of its streams. • 

The Rio d- la Plata is 2700 miles long, and for 200 miles from 
its mouth, up to Buenos Ayres, it is more a great sea estuary 
that' a river, being neve^ less than 170 miles broad. Were it'not 
for the freshness of its water it might be mistaken for the ocean : 
it is, however, shallow, and loaded Vith mud, which discolours the 
Atlantic for 200 miles from its mouth. 

The Paraguay is subject to great floods, which carry destruction 
and desolation with them. The atmosphere at times is poisoned 
by the putrid carcases of drowned animals brought down by it. 
The. ordinary ‘annual inundations of the Parana, the principal or 
upper branch of the La Plata, cover 36,000 square miles. 

In consequence of ‘the vast extent of the very level plains along 
the base of the Andes, the basins of the three great rivers are appa- 
rently united. So small are the elevations that determine their 
direction, that, with the exception of a portage of three miles, a 
water-conveyance might be established from Buenos Ayres # in 35° 
S. lat. to the mouth of the Orinoco in 9°‘N. lat. by inland navi- 
gation. 



Chap. XIX. SOUTH AMERICAN - RIVERS. 267 

The Colorado, which runs in a long shallow stream through the 
Pampas of Buenos Ayres to the Atlantic, is formed of two principal 
branches, one from the west and the Other from the north, which 
unite at a great distance from the Atlantic, into which the river 
flows. 

The Rio Negro or Cusu-Lebu rises at a great elevation on the 
western declivity of the Andes, and separates the Pampas from- Pata- 
gonia. In its long course through arid deserts to the Atlantic it 
does mot receive a single tributary, but it forms a communicatiop 
between that ocean and Chile, as it reaches a pass in the Andes tflat 
is free from snow. There is some vegetation in its immediate 
neighbourhood ; it has a bar at its mouth, and is navigable only for 
four miles above Cafmen ; it has periodical floods twice in the year, * 
one produced by the rains, the other by the melting of the snow 
in the Andes. 

Some other streams from the Chilian Andes run through, but do 
not fertilize, the desolate plains of Patagonid. ' 

There are various rivers in South America, unconnected with 
tfiose described, which in any other country would be esteemed of a 
high order. Of many which descend from the high ^country of 
Guiana, the Essequibo is the largest ; its general width is a mile and 
a quarter ; its water, though blapk, is clear ; and on its banks, and 
those of all its tributaries, the forest reigns in impenetrable thick- 
ness. It rises in the Sierra Abaray, which separates its basin from 
that of the Amazon, and, after a northerly course, falls into the 
Atlantic near 7° N. lat. by an outlet 14 miles broad, separate^ by 
three low islaiMs intfl four branches. Sir Robert Schomburgk, 
whose scientific journeys have made us acquainted with a country 
of which so little was known, has shown that, by cutting a canal 
three miles long between the Madeira an/ the Guapowfan affluent 
of the Mamore, an inland navigation migflit be opened from Deme- 
rara to Buenos Ayres, over an extent of 42° of latitude, with the 
exception of a portage of only 800 yards in the rainy season between 
Lake Amucu and the Quatata, a branch of the Rupununi, which 
flows into the Essequibo. But that is not the only water-communi- 
cation between Guiana and remote countries, great though the dis- 
tance bo, for the Napo, a tributary of the Solimoes, .offers commu- 
nication with Quito, the Huallaga with Peru and countries not far 
distant from the Pacific Ocean. By the Riq Negro, the Orinoco, 
the Cassiquiare, and its tributary the Meta, there is uninterrupted 
navigation to^New Granada and to within eight miles of Santa Frf 
de Bogota. “ If,” says the distinguished traveller already men- 
tioned, “ British Guiana did not possess the fertility which is such 
a distinguishing feature, this water-communication alone would 
render it of vast’ importance ; but, blessed as it is with abundant 
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fruitfulness, this extensive inland navigation heightens its value as 
a British colony ; and, if emigration sufficient to make its resources 
available were properly directed thither, the port of Demerara would 
rival any in the vast continent of South America.” It is certainly 
remarkable that the tide of emigration has never set towards a country 
of such promise, abounding in such valuable natural productions, 
and so much nearer to Great Britain than her colonies in the Pacifio. 

The Parik and San Francisco are the chief rivers of Brasfil : both 
rise on the table-land; the former from the union of the To- 
cantins ind Araguay ; it descends from the high lands in rapids 
in its northerly course, and, after runpirig 1500 miles, joins the 
southern branch of the Amazon before entering the Atlantic south 
of the island of Marajo. The San Francisco is only 1275 miles 
long : it rises in the Sierra Canastra, in the province of Minas Geraes, 
and, after running northward between mountain ranges parallel to 
the coast, it breaks through them, and reaches the ocean about the 
11th degree of S. lat. As in the Appalachian ehain, so here, many 
rivers cross the edge of the table-land to the level maritime plains of 
the Atlantic. * 

The historical renown and the high civilization of Asia and 
Europe, their great wealth and population, may be attributed in a 
very great degree to the facility of transport afforded by their admi- 
rable river-system's, and still more to the genius of the people who 
knew how to avail themselves of them ; the same may be said of 
the inhabitants of tKb United States of America — while the Indians, 
who have*possessed these countries for ages, never took advantage of 
the noble streams with which Providence haS enricned and embel- 
lished their (vmntry,<the Anglo-Saxon race has made them one of the 
great sources of the unparalleled prosperity of their mighty republic. 

BlVEBB OF AUSTRALIA. 

After America, the land of the river and the flood, Australia 
appears in more than its usual aridity, - The absence of large rivers 
is one of the greatest impediments to the improvement of this con- 
tinent. What it may possess in the far interior is scarcely known, 
but it is certain that no large river discharges its water into the 
ocean, and most of the small ones are absorbed before they reach it. 

The streams from the mountains on the eastern side of the conti- 
nent are mere torrents, and would have short courses did they not 
run in longitudinal valleys, as, for example, the Hawktesbury. The 
Murrumbigee, the Lachlan, afid the Macquarrie, formed by the 
accumulation of mountain-torrents, are the largest. 

The Murrumbigee rises in the ranges west of St. George Lake, 
and, running south-west, meets the Lachlan, flowing from the east. 
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After their junction they run into the Murray, a much larger 
stream, though only 350 feet broad, and not more than 20 feet deep. 
Lower down the Darling enters the Murray, and is the largest* of its 
affluents, draining, as it is supposed, the west declivity ofjbhe moun- 
tain? of South Wales, between 26° and 31° S. lat. ; as the Lachlan, 
the Murrumbigee, and the Murray do the south portion of the same 
high lands, and the northern declivity of the auriferous region of 
the colony of Victoria. The breakers at the mouth of the Murray 
are dangerous, but may be passed in fine weather in a good steamer. 
Captain Cadell ascended the Murray to within* 60 miles ofrits. junc- 
tion with the Campgshy^and also about 60 miles up its tributary, 
the Wakul. The Maoquarrie is one of the principal tributaries of the 
Darling ; it is called the Fish River between Bathurst and Sydney ; 
after r unnin g 300 miles north-west it passes through marshes, and 
afterwards enters the Darling. 

Swan River, on the western side of the continent, has muqji the 
same character ; and from that river to the* Gulf of Carpentaria, 
along the whole of the western and northern shores of the continent, 
the largest stream is the Victoria, opening into Queen ChaUhel, west 
o^the Gulf of Carpentaria; it has been lately explomd by Mr. 
Gregory. The streams opening into the Gulf of Carpentaria are 
inconsiderable in length, as thgy descend only from the semicir- 
cular range of hills that enclose this extensive- tropical sea ; the 
Roper, the Albert, and the Mitchell are the largest of these rivers. 
The want of water makes it hardly possible te^SS^lore the interior 
of this continent. 
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Lakes in general — European Lakes — Northern Eui ope — Of the Pyrenees, 
4Mpp, gpd Italy — lake of Tiberias and Dead fc»ea — Asiatic Lakes — 
Caspian — Lakes of Aial, Baikal, and of the ^hmaiava — Sacied lakes ot 
* Manasarowai — Afncan Lakib — Bahr Assal — * Zambeze — Ngami — 
Ameiican Lakes m Canada — Nicaragua — iiticaco. 

The hollows formed on the surface of the earth by the ground 
sinking or rising, earthquakes, craters of extinct volcanoes, the in- 
tersection of strata, and those that occur along the edges of the 
different formations, &r£ generally filled with water, and constitute 
systems of lakes, some salt and some fresh Many of the former 
may be ‘remnants of an ancient ocean left m the depressions of its 
bed as thetwaters retned when the continents were raised above ^ts 
smface. 

Almost all lakes are fed by springs rising at the bottom, and they 
are occasionally the souices of the hugest rive is. Some have neithei 
tributaries nor outlets , the gi eater iiumbei "have both The quan- 
tity of water m laxe» vanes with the seasons eveiy where, especially 
from the melting snow on mountain-chains and m high latitudes, 
and from penodical rams between the tropics Smftll lakes occur in 
mountaift-passes, formed by water which runs into them from the 
surrounding peaks , they are frequently, as in the Alps, very tians- 
pareiJLt, of a ^nght green a azure hue Large lakes are ccftnmon on 
table-lands, and m the Galleys of mountainous countries, but the 
largest are on extensive plains *lhe basin of a lake compiehends all 
the land drained, by it , consequently it is bounded by an imaginary 
line passing thiough the sources of all the waters that fall into it 
There arc more lakes m high than low latitudes, because evapora- 
tion is much greater in low latitudes than m high, and m this 
respect there* 1^ a great analogy between the northern plains of tho 
two principal continents Sheets of water of gieat beauty occur m 
the mountain valleys pi the British islands, of Norway, and Sweden, 
countries similar m geological structuie , and besides these there are 
two regions in the old world m which lakes particularly abound One 
begins on the low coast of Holland, encircles the southern asd eastern 
sides of the Baltic, often passing close to its shores, along the Gulf of 
Bothnia, and from thence through the Sibeuian plains to Behnftg 
Strait. The lakes which cover so much of Finland and the great 
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lakes of Ladoga and Onega lie in a parallel direction ; they occupy 
transverse rents which had taken place across the palaeozoic strata, 
while rising in a direction from S.W. to N.E., between the Gulf of 
Finland and the White Sea ; ffiat elevation was, perhaps, the cause' of 
the cavities now occupied by these two seas. Ladoga is the largest 
lake in this zone, having a surface of nearly 1000 square miles. It 
receives tributary streams, and sends off its superfluous water by 
rivers, and Onega does*the same ; but the multitude of small steppe 
lakes among the Ural mountains and in the basin of the river Obi 
neither receive nor emit rivers, being for the most part mej*e ponds, 
though of great size, some of fresh and some of salt water, lying 
close together — a circumstance which has not been accounted for : 
those on the low Siberian plains have the same character# 1 

The second system of* lakes in the old continent follows the $one 
of the mountain mass, and comprehends those of the Pyrenees, Alps, 
Apennines, Asia Minor, the Caspian, the Lake Aral, together with 
those on the table-land and in the mountains of central Asia. 

In the Pyrenees lakes are most frequent on the French side; 
many are at such altitudes as to be perpetually frozen ; ono^on Mont 
Perdu, 8393 feet above the sea, has the appearance of an ancient 
volcanic crater. There is scarcely a valley in the Alpine range and 
its offsets that has not a sheet of water, no doubt owing to the cavi- 
ties formed during the elevation # of the ridges, and % in some instances 
to subsidence of the soil : Lake Trub, 7200 feet above the level of 
the sea, is the most elevated. Lakes are more qjfaaerous on the north 
than on the south of the Alp*s — the German valleys are full of them. 
In Bohemia, Gattigia, and Moravia there are no less than 30,000 sheets 
of water, besides great numbers throughout the Austrian empire. 

Of the principal lakes on the northern side oT the Alps, the Lake 
of Geneva, o^ Lake Leman, is the larges and most jy^utiful. from 
its situation, the pure azure of the waters, and the sublunelhoflhtam 
scenery that surround it. Its^ surface, of about 240 square miles, 
is 1230 feet above the sea, and near Meillerie it is 1012 deep. The 
Lake of Lucerne is 1407 feet above the sea, and th£ lakes of Brienz 
1900 feet. The Italian lakes are at a -lower level ; the Lago Maggiore 
has only 678 feet of absolute altitude ; the Lake of Como, 702 ; 
and the Lake of Garda, 320 ; they are larger than most of those 
on the north of the Alps, and, with the advantage of an Italian cli- 
mate, sky, and vegetation, they surpass the others in beauty, though 
the mountains that surround them are less loffy. 

These great lakes are fed by rivers rising in’ the glaciers of the 
higher Aljgs, and many large rivers issue from them. In this respect 
they differ from most of the lakes in Central and Southern Italy, 

1 The salt water lakes way possibly be the remains of the Ancient Ocean, 
while the hollows containing fresh water may be of subsequent formation. 



27$ " E5TSICAL GEOGRAPHY. C«ap. XX. 

mxop of which are craters of ancient volcanoes, or perhaps ancient 
craters of elevation, where the earth had been swelled up by subter- 
ranean vapour without bursting, and had sunk down again info a 
hollow when the internal pressure was removed . 1 

In Syria, the Lake of Tiberias and the Dead Sea, memorials sacred to 
the Christian world, are situate in the deepest depression on the earth’s 
surface, the bottom of the latter being upwards of 2600 below tfye 
level of the ocean. The surface of Lake Tiberftts is 662 feet below that 
of the Mediterranean, surrounded by verdant plains bearing aromatic 
shvubs ; ^vhile the dense bitter waters of the Dead Sea, 1312 feet 
below the Mediterranean, is a scene of indescribable desolation anc^ 
solitude, encompassed by desert sands, and bleak, stony, salt-hills. 
Thus there* is a difference of level of 660 feet in little more than 
60.miles, which renders the current of the -river Jordan very rapid. 
The water of the Dead Sea is so acrid from the large proportion of 
saline matter it contains that it irritates the skin : it is more buoyant, 
and lias a greater proportion of salt, 2 than any that is known except 
the small lake of Eltonsk, east of the Volga. The Lake of Asgal in 
the Somali country, nearly opposite to Aden, resembles the Syrian 
lakes in m^ny respects ; its surface is 570 feet below the sea level, 
md its circumference 16 miles. Separated from the ocean by -a 
barrier of lava, it probably owes its formation, like the Dead Sea, to 
ei barrier raised by volcanic agency between it and the Red Sea at a 
comparatively recent period. ‘ 

Though extensive sheets of water exist in many parts of Asia 
Minor, especially in Bithynia, yet the ^characteristic feature of the 
country, and of all the table-land of western Asia and the adjacent 
jteppes, ia the numter and magnitude of the saline lakes. A region 
cf salt-lakes and marshes extends at least 200 miles along tl^p 
northern the Taurps range, on a very elevated part of the 

tableland of Anatolia. There are also many detached lakes, some 
exceedingly saline. Fish cannotjixe^ in the Lake of Toozla; it is 
shallow, and subject to excessive evaporation. Neither can any 
animal exist in^ke Lake of Shahee or Urmiah, on the confines of 
Persia and Armenia, 300 miles in circumference : its water is per- 
fectly clear, and contains a fourth part of its weight of saline matter. 
These lakes ‘are fed by springs, rain, and melted snow, and, having 
no outlets, the surplus water is carried off by evaporation. 

1 The Lake of Perugia «or Thrasymene is an exception. 

2 A would appear to be. completely saturated with salt. If it he true, as 
stated by the American expedition under Lieut, Lynch, that the sounding 
lead brought up crystals of salt from its bottom in several parts. The 
extreme saltness of the Dead Sea appears to be owing to the salirerous strata 
which fofm its hanks, especially towards the south, where true pillars of salt, 
is stated in the Bible, were found projecting from the sandstone beds, by the 
American expedition. 
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It is possible that the volcanic soil of the table-land may be the 
ca^se of this exuberance of salt water. Lake Van, a sheet of salt 
water 240 miles in circumference, is separated from the equally salt 
lake Urmiah only by a low range of hills ; there are many pieces 
of fresh water in that neighbourhood, possibly in similar hollows. 

Persia is singularly destitute of water ; the Lake of Zurrah, on the 
frontiers of Afghanistan, having an area of 18 square miles, is the 
only piece of water on the western part of the table-land of Iran. 

It is evident from the saline nature of the soil, and the shell! it 
contains, that the plains round the Caspian, the Lake Aral, and the 
steppes, even to the Ural Mountains, had once formed part of the 
Black Sea ; 57,000 square miles of that country are depressed below 
the level of the ocean — a depression which extends northwards beyond 
the town of Saratov, 300 miles distant from the Caspian. The 
surface of the Caspian itself, which is 83 feet below the level of the 
'ocean, is its lowest part, and has an area of 140,000 square miles, 
nearly equal to the area of Great Britain find Ireland. In Europe 
alone it drains an extent of 850,000 square miles, receiving the 
Volga, the Ural, and other great rivers on the north. It hSs no tide, 
and its navigation is dangerous from heavy gales, especially from 
the south-east, which drive the water miles over the land ! a vessel 
was stranded 46 miles inland fgom the shore. It is 300 feet deep 
in’ the centre, but is shallower to the east, whero»it contains several 
islands, and where it is bounded by impassable swamps many miles 
broad. It is less salt than the ocean. The Lffise of Eltonsk, on the 
steppe east of the Volga, has an area of 130 square miles, and fur- 
nishes tVo-thircl*f of the salt consumed in Russia. Its water juelds 
29*13 per cent, of saline matter, and from this. circumstance is more 
buoyant than any other known. 1 

The Lake of Aral, which is shallow/is 117 tl^ti the 

Caspian, and has an area of 23,300 square njiles : it has its name 
from the number of small islands at its southern end^ Aral signifying 
“ island w in the Tartar language. Neither the Caspian nor the Lake 
of Aral have any outlets, though they receive large rivers ; they are 
salt, and, in common with all the lakes in Persia, they are decreasing 
in extent, and becoming salter, the quantity of water supplied by 
tributaries being less than that lost by evaporation. # Most of the 
rivers that run into the Lake of Aral are diminished by canals, 
that carry off water for irrigation; for that mason a very small 
portion of the waters of the Oxus reaches the lake. Besides, the 
Russian rivers yield less water than formerly from the progress of 

1 The water of the Dead Sea contains 26*24 per cent, of saline ingredients, 
one of which is sulphate af magnesia. 

K 3 
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' Th^etnall mountain-lake gir-i-Kol, in the high table- 
lap) or PfitoUr, from whence the Oxus flows, is 15,680 feet abqve 
Wtel Consequently there- is a difference of level between it and 
m Dead Sea of nearly 17,000 feet. 

The, small number of lakes in the Himalaya is one of the pecu- 
liarities of these mountains. The Lake of Wuler, in the valley of 
Cashmere, is the only one of any magnitude ; it is but 10 miles* in 
length and 4} in breadth, but seems to be the residue of one that hail 
fit* the whole valley at a very remote period. There are many great 
l&kls, both fresh and 'salt, on the table-land ; the annular form of 
Lake Palte, at the northern base of the Himalaya, as represented on 
maps, is unexampled ; the sacred lakes of Manasarowar and of Rakas 
Tal, in Great Tibet, occupy a space of about 400 square miles, 
between the gigantic speaks of Gurla on the south and of Kailas on 
the north ; it is from the most westerly of these lakes (which are 
said to communicate with each other) that the Sutlej rises, at a#* 
elevation of 15,250 feet above the level of the sea. Tibet abounds 
in small lakes, some of which fcontairi borax in solution. As most 
of the great lakes on the table-land arerin the Chinese territories, 
strangers have not had access to them ; the Koko-nor and Lake 
Lop seem to be very large ; the latter is said to have a surface of 
2187 square miles, and there are q*hers not inferior to it in the 
north. The lakes f in the Altai mountains are beautiful, larger and 
more numerous than in any other mountain-chain. They qgg at 
different elevations offrthe terraces by which the table-land dfcflMids 
to the plains of Siberia, and are, owing to 'geological phroomena, 
essentially different from those which have produced the^agpfh 
and other* steppe lakes. They seem to have been hollows formed 
.where the axes of the different branches of the chain cross, and 
are iflpsfc . yuWM ous and deepest in the eastern Altai. Baikal, the 
largest mountain laljf , supposed to owe its origin to the sinking of 
the ground duryig an earthquake, has fen area of 14,80Q square miles, 
nearly equal to the half of Scotland. It lies buried in the form of a 
crescent, amid lofty granite mountains, which constitute the edge of 
the table-land to the south, ending in the desert of the Great Gobi ; 
and in the north-west they gird the shore so closely that they dip into 
the water in many places ; 160 rivers and streams fall into this 
salt lake, which drains a couiitry probably twice, the area of Britain. 
The river Angara, which runs deep and strong through a crevice at its 
eastern end, is its principal outlet, and is supposed to carry off hut a 
small proportion of its water. Its surface is 1793 feet above the sea- 
level, and the climate is as severe as it is in Europe 10° farther north ; 
yet the lake does not freeze till the middle of December, possibly from 
its depth, being unfathomable in some places with a line of 600 feet. 
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Two hundred and eighty ears before the .Christian era tibe large 
frgsh-water lake of Oitz, in Japan, was formed in one night, by a 
prodigious sinking o It the ground, at the same time that one of the 
highest and most active volcanoes in that country rose from the 
depths of the earth. 

Very 'extensive lakes*occur in Africa ; there appears to be a great 
number on the low lands on the east coast, in which many of the rivers 
from the edge of the table-land terminate. Among others thdfo is 
the Bahr Assal (salt lake), 25 miles west of Tadjurra, in the country 
through which the Qawash flows, which has » depression pf 570 Jeet 
below the level of the ocean. The southern table-land contains the 
fresh-water late of N’yassi, one of the largest, being some hundred 
miles long ; and, though narrow in proportion, it cannot be crossed in 
a boat of the country in less than three days, jesting at night on an 
island, of which there are many. It lies between 300 and 400 miles 
Aest from the Mozambique Channel, and begins 200 miles north of the 
town of Tete, which is situate on the river*Zambeze, from whence it 
extends from south-east to north-west, possibly to within a degree or 
twp of the equator. It receives the drainage of the country to the 
south-east. In latitude 20° 19' and east longitude 20° ij situated the 
recently-discovered Lake of Ngami, which has hitherto been but im- 
perfectly explored. It is supposed to be more than 70 miles long. 
A large river, the JZouga, issues from its eastern extremity, where it 
is 200 yards wide ; and is supposed to join the Limpopo. The ele- 
vation of the lake, as determined by its discoFvTSrs, Messrs. Living- 
stone, Oswell, and Murray, *is 3285 feet above the sea. 1 No one 
knows what there may be in the unexplored regions of the Ethiopian 
desert ; but Abyssinia has the large and beautiful lake of Dembia, 
situate in a spacious plain — the granary of the country — so high 
above the sea that spring is perpetual^ though wjtoiu-the tropics. 
There are many other lakes in this great projecting promontory, so 
full of rivers, mountains, and forests ; but the lowlands of Soudan 
and the country lying along the base of the northern decliv jty of the 
table-land is the region of, African lakes, of which* the Chad, almost 
the size of an inland sea, is in the very centre of the continent, at 
an absolute elevation of 840 feet.® Its area, and the extent of its 
basin, are imperfectly known ; it receives many afflilbnts from the 
high land? of Mono Moeze, certainly all those that* flow from them 
east of Bomou, and it is supposed but not proved to be drained by 
the Tchadda, a principal tributary of the Niger. Other lakes of less 
magnitude are known to exist in these regions, and there are pro- 
bably many more that are unknown. Salt-water lakes are numerous 

1 Journal of Geographical Society of London, vol. zx. p. 143. 

* According to Ur, Vogel’s observations. 
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on' the northern boundaries of the great lowland deserts, and many- 
fine sheets of fresh water are found in the valleys and flat teiraces of 
the Great and Little Atlas. 

Fresh-water lakes are characteristic^ the higher latitudes of both 
continents, but those in the old continent sink into insignificance in 
comparison with the number and extent of those in the new. Indeed 
a very large portion of North America is covered with fresh witter ; 
the live principal lakes — Superior, Huron, Michigan, Erie, and On- 
tario — with some of their dependants, probably cover an area of 
94,1)00 square miles; that of Lake Superior alone, 32,000, which is 
only 1800 square miles less than the whole of England . The Ame- 
rican lakes contain more than half the amount of fresh water on the 
globe. The altitude of these lakes shows the slope of the continent ; 
the absolute elevatioiUDf Lake Superior is 672 feet ; Lake Huron is 
30 feet lower ; Lake Erie 32 feet lower than the Huron ; and Lake 
Ontario is 331 feet below the level of Erie. The river Niagara, whidp 
unites the two last-na&dd lakes, is 33£ miles long, and in that dis- 
tance it descends 66 feet ; it falls in rapids through 55 feet of that 
height in the last half-mile, but the upper part of its course is navi- 
gable. The* height of the cascade of Niagara is 162 feet on the 
American side of the central island, and 1125 feet wide. On the 
Canadian side the fall is 149 feet ^iigh, and 2100 feet wide — the 
most magnificent ohcet of falling- water known,'* though many are 
higher. The river St. Lawrence, which diains the whole, slopes 234 
feet between the bottom of the cascade ajid the sea. The bottom of 
Lake Superior is 300 feet, and that of Ontario 268 feet, below the 
surface of the Atlantic, affording another instance ofrdeep indentation 
in the solfd matter oLthe globe. Some lakes are decreasing in mag- 
nitude, though the contrary seems to be the case in America ; between 
the ye^rs J^Sws^d 1838 Ontario rose nearly seven feet : and, accoid- 
ing to the American engineers, Lake Erie had gained several feet in 
the same time. Lake Huron is said to* be the focus of peculiar elec- 
trical phenomena* as thunder is constantly heard in one of its bays. 
The lakes north of this group are innumerable ; the whole country, 
to the Arctic Ocean, is covered with sheets of water. Lake Winnipeg, 
Rein-deer Lake, Slave Lake, and some others, maybe regarded as the 
chief members qf separate groups or basiril, each embracing a wide 
extent of almost unexplored country. There are also many lakes on 
each side of the Rocky Mountains: one of the most remarkable, 
the Great Salt Lake, in the bosom of the chain between the Missouri 
and the Pacific, at an elevation of 4000 feet above the level of the 
sea ; it has several islands, its waters contain 22 per cent, of salts, 
chiefly muriate of soda, and its circuit is little less than 300 miles : 
the neighbouring.Lake of Utah is fresh, and empties itself into the 
Great Salt Lake by a river called the Jordan ; and in Mexico there 
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are six or seven lakes of considerable size, though not to be compared 
with those in North America. 

There are many sheets.of water.in Central America, though only 
one is of any magnitude, tho Lake of Nicaragua, in the province of 
that name, about 100 miles from the sea, which communicates with 
the Gulf of Mexico by the River of San Juan. 

In Central America the Arises are interrupted by plains and mere 
hills on the Isthmus of Tehuantepec and of Nicaragua, on each side 
of which there is a series of lakes and rivers, which, aided by canals, 
might form a water-communication lietween th'e Atlantic md Pacific 
Oceans. In the former, the line proposed would connect the river 
Guasaculco, on the Gulf of Mexico, with the Bay of Tehuantepec in 
the Pacific. In the Isthmus of Nicaragua, the Gulf of San Juan 
would be connected by the river of that name, and the chain of lakes 
of Nicaragua and Leon, with the Bay of Realejo or the Gulf of Fon- 
with the Gulf of Costa Rica. Here the highest level necessary 
would be 212 feet above the Pacific, and of Sa&y excavation ; and the 
lake, situate in an extensive plain, and at an elevation oPl25J feet 
above the sea, is deep enough for vessels of considerable si2b. 1 

A range of lakes goes along the eastern base of th^Andes, but 
the greater part of them are mere lagoons or marshes, some very 
large, which inundate the country to a great extent in the time of 
the tropical rains. • There appears to be a deep hollow in the surface 
of the earth at the part where Bolivia, Brazil, and Paraguay meet, in 
which lies the Lake Xarayos, extending on «$£h* side of the river 
Paraguay; but, like many South American lakes, it is not perma- 
nent, being alternately inundated and dry, or a marsh. Its inunda- 
tions cover 36,000 square miles. Salt and fresh water lakes are 
numerous on the plains of La Plata, and near the Andes in Pata- 
gonia, resembling in this respect those *n high no**b«B^at^tudes, 
though on a smaller scale. * 

In the elevated mountain-valleys and table-lands of the Andes - 
there are many small lakes of the purest blue aqd green colours, 
intensely cold, some being# near the line of perpetual congelation. 
Thqy are generally of considerable depth. The great fresh-water . 
lake of Titicaca, however, in the Bolivian Anddl, has an area of 
2225 geographical square miles, and is more th$n # 12d*fathoms 
deep in many places, surrounded by splendid scenery. Though 
12;846 feet above the level of the Pacific, and consequently higher 
than the Peak of Teneriffe, it contains several species of fish ; its 

1 The reader is referred to a paper recently published by Admiral FitzRoy 
in the 20th vol. of the Journal of the Geographical Society, for a lucid de- 
scription and review of the different projected canals and routes across the 
American isthmus, viz., tfy the Lake Nicaragua, the river of Guasaculco, and 
the isthmuses of Panama and Darien. 
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snores are cultivated, producing corn, barley, potatoes, and even 
Indian com ; and peopled by a large aboriginal population, inhabiting 
towns and villages. Numerous vestiges of Peruvian civilization are 
everywhere to be met with ; and in the island from which it derives 
its name, and where tradition places the origin of the last Inca dynasty, 
numerous specimens of Peruvian architecture still exist. It receives 
several rivers from either branch of the Andes, but has only one 
exit, the river Desaguadero, the waters of which are lost by evapora- 
tion and infiltration in the Sandy soil through which it flows, and in 
it# terminal lake or nlarsh of Aullagas. 1 

The limpid transparency of the water in lakes, especially in moun- 
tainous countries, is remarkable ; minute objects are visible at the 
bottom through many fathoms of water.* The vivid green tints so 
often observed in Alpine lakes may be produced by vegetable dyes 
dissolved in the water, though chemical analysis has not detected 
them. 

Lakes, being the sources of some of the largest rivers, are of great 
important for inland navigation as well as for irrigation ; while, by 
the constant evaporation at their surface, they maintain the supply 
of humidity in the atmosphere so essential to vegetation. 

1 See Pentland’s map of the Lake of Titicaca, 1847, published at the Hyd. 
Office. • 
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Temperature of the Earth — Temperature of the Air — Radiation — Foci of 
Maximum Cold — Thermal Equator — Its Temperature, mean and absolute 
. — Isothermal Lines — Continental and Insular Climates — Extreme Climates 
— Stability of Climate — Decrease of Heat in Altitude — Line of^Perpetual 
Snow — Density of the Atmosphere — The Barometer — Measurement of 
Heights — Variations in Density and their Causes — Horary Variations — 
Independent Effect of the dry and aqueous Atmospheres — Mean Height of 
Barometer in different Latitudes — Depression in the Antarctic Ocean and 
in Eastern Siberia — Barometric Storms — Polar and Equatorial Currents 
of Air — Trade Winds — Monsoons — Land and Sea Breezes — Gyration of 
the Winds in the Extra-Tropical Zones — Winds in Middle European Lati- 
tudes — Hurricanes — The Laws of their Mofloft — Their Effect on the 
Bik-ometer — How to steer clear of them — The Storm-Wave — Storm- 
Currents — Arched Squalls — Tornadoes — Whirlwinds — Water Spouts. 

The atmosphere completely envelops the earth to the height of about 
50 miles ; it bulges at the equator, and is flattened at the poles, in 
consequence of the diurnal rotation. *It is a mixture of water in an 
invisible state and* of air, bpt # the air is not honlbgeneous : in 100 
Tparts 79 consist of nitrogen or azotic gas, and of oxygen, Hie 
latter the source of combustion and animal fceat. Besides these, 
there is a small quantity of carbonic acid gas, varying from 3 jp 5 
tcn-thousandtlis, Much is sufficient to supply all the vegetation on 
the earth with wood and leaves, and a very minute proportion of 
ammoniacal gas. 1 No doubt exhalation of various kinds ascend 
into the air, such as those which produce* m i asmata^bu a^ieydare in 
quantities too minute to be detected by chemical analysis, so that 
the atmosphere is found to be f)f the same composition at all heights 
above the sea hitherto attained. 2 

1 The recent researches of Mr. Ville show that the quantity oj ammoniacal 
vapour in the air is so very minute as to exercise no influence, as was sup- 
posed by Liebig, on vegetation; M. Lewy lias lately founc^ that in some 
situations, as at Santa Fe de Bogota, the proportion of carbolic acid gas varies 
with the seasons : thus in eleven months out of the twelve, the air contains the 
ordinary quantity, from to y^ of its volume, whereas in September this 
proportion increases to ttSu, a circumstance quite inexplicable in the present 
state of meteorology. 

2 Professor Schoenbein of Basle attributes the peculiar smell, when bodies 
are struck by lightning, to a principle existing in the atmosphere, which he 
calls ozone , liberated by the decomposing action of electricity^nd possessing 
the same electrical characters as bromine, chlorine, and iodine. He ascribes 
the luminous appearance* of the ocean to the action of that principle oil the 
animal matter it contains. 
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'fc'fthe temperature of the earth’s ^surface, and the phenomena of the 
atmbsphere, depend upon the revolution and rotation of the globe, 
which successively expose all the {torts of it, and the air which sur- 
rbunds it, to a perpetual variation of the gravitating forces of the two 
great luminaries, and to annual and diurnal vicissitudes of solagr heat. 
Atmospheric phenomena are consequently periodical and connected 
with one another, and their harmony, and the regularity of the laws 
which govern them, become the more evident in proportion as the 
mean values of their vicissitudes are determined from simultaneous 
observations made oVer widely-extended tracts of the globe. The 
fickleness of the wind and weather is proverbial, but as the same 
quantity of heat is annually received from the sun, and annually 
radiated into space, it follows that all climates on the earth are 
stable, and that their changes, like the perturbations of the planets, 
are limited and accomplished in fixed cycles, whose periods are still 
in many instances unknown. It is possible, however, that the earth 
and air may be affected by secular variations of temperature during 
the progress of the solar system through space, or from perioSical 
changes fti the sun’s light and heat, similar to those which take place 
in many of«the fixed stars. No doubt the Spots on the sun must 
act upon the oxygen of the atmosphere, since they have^o remark- 
able an influence on terrestriaPmag^etism ; besides, they must occa- 
sion periodical variations both in the li"ht and heat of the sun. The 
secular variation in the moon’s mean distance will no doubt alter the- 
amount of her attractive force, though probably by a quantity inap- 
preciable* in the aerial tides ; at all events variations arising from 
suen circumstances could only become perceptible after many ages. 

From experiments made by M. Peltier it appears that, if the aHSb- 
lute quantity of heat annually received by the earth were equally 
dispersed ** -er * f s surface, ; t would, in the course of a year, melt a 
stratum of ice 46 feet dee£ enveloping the whole globe. It is evident 
that if so great a quantity of heat had been continually accumulated 
in the earth, instead of being radiated into space, it would have been 
transmitted through the surface to the poles, where it woulJh have 
melted thence, and the torrid zone, if not the whole globe, would by 
this time have been uninhabitable. In fact, every surface absorbs 
and radiates hpat at the same time, and the power of radiation is 
always equal to the power of absorption ? for, under the same cir- 
cumstances, bodies which become soon warm, also cool rapidly ; and 
the earth, as a whole, is under the same law as the bodies at its 
surface. 

Although^art of .the heat received from the sun in summer is 
radiated baof again, by far the greater part sinks into the earth’s 
surface, and tempers the severity of the winter’s cold while passing 
through the atmosphere into the ethereal regions. 
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The earth is about 3*000,000 of miles nearer to the sun in winter 
than in summer, but the rays strike the northern hemisphere more 
obliquely in winter than in the othe? half of the year ; and Professor 
Secchi has shown that on that account the atmosphere absorbs more 
of tHe sun’s heat in winter than in summer. At Rome, in the finest 
season of the year, he found that when the sun is in the zenith, the 
atmosphere absorbs one-fourth of the heat during t\e vertical transit 
of his rays; when they fall at the distance of 60 degrees from the 
zqnith the loss is one-half, and continues to be very rapid as the 
obliquity increases. Thus the difference between the sunyner and 
winter temperature depends chiefly on the absorbing power of the 
atmosphere. The Professor observes that the absorbed heat is not 
lost, but supplies the greater part of that which is radiated into 
‘ space. 1 * 3 

Sir John Herschel has shown that the elliptical form of the earth’s 
orbit has but a trifling share in producing the variation of tempera- 
ture 1 ’ corresponding to the difference of seasons*; for although in one 
half of its orbit the earth is ncarer*£he sun than in the other half, its 
motion is so much more rapid in the former than in the latter, that 
it is exposed for a shorter time to the sun’s influence : $xus a com- 
pensation takes place, and an equal distribution of light and heat is 
accorded to both hemispheres. 

But on account of the presejjb position of the garth’s orbit, the 
direct heating power of the sun*in summer is greater by nearly one- 
eighteenth of its whole intensity in the southerly that in the northern 
hemisphere, in equal latitudes and under equal circumstances of ex- 
posure ; for that* reason the sufferings of travellers in the soutlfem 
deserts are much more intolerable than in thg northern. 0 In tho 
account of the exploring expedition into the interior of Australia, 
Captain Sturt mentions that “the groifhd was ajjnos^^mol ten 
surface; and if a match accidentally fell'on it, it immediately ig- 
nited.” Sir John Herschel has observed the temperature of the 
surface-soil in South Africa as high as 159° Fahrenheit.* By direct 
experiments made at Romo 4 Professor Secchi found that a thermo- 
meter^ exposed to the sun in an open field, and slightly covered with 
earth, rose to 150° 6' Fahrenheit, at half-past one o’clock in the 
month of July, which differs only by 8° 4' from that of South Africa. 

Diurnal variations of heat are perceptible only to a small distance 
below the surface of the ground, because the earth is a. bad conductor : 

1 The following are the results of Professor Sccchi’s experiments : — 

Sun's zenith distances . . • . 0° 20° 40° 60° 80° 

Remaining quantity of solar heat) * 

transmitted through the atmos- J 0 * 72 0*70 0*64 0*51 0*16 
phere at Rome •« . • . .) 

3 Sir J. Herschel'a Outlines of Astronomy, p. 218, 1849. 
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the annual influence of the sun penetrates much farther. At the 
equator, where the heat is greatest, it descends deeper than elsewhere, 
with a diminishing intensity ; but there, and everywhere throughout 
the globe, there is a stratum, at a depth varying from 40 to 100 feet 
below the surface of the ground, where the temperature never varies, 
and is nearly the same, as the mean .temperature of the country. 
This zone, unaffected by the sun’s heat from above, or by the 
internal heat from below, serves as an origin whence the effects of 
solar heat are estimated on one hand, and the internal temperature 
of the globe on the Other. Below it the heat of the earth increases, 
as already mentioned, at the rate of one degree of Fahrenheit’s ther- 
mometer for every 50 or 60 feet of perpendicular depth ; were it to 
continue increasing at that rate, every substance would be in a state 
of fusion at the depth of 21 miles ; hitherto, however, the experi- 
ments in mines and Artesian wells, whence the earth’s temperature 
below the constant stratum is ascertained, have not been ^extended 
below 1700 feet. 1 4 c # • * * 

M. Elie de Beaumont has estimated by the theory of Fourier, and 
from theTobservations of M. Arago, tliat the quantity of central heat 

1 The protuberant matter at the earth’s equator occasions a nutation in the 
lunar orbit, and the action of the sun and moon on that protuberant matter 
produces those inequalities in the earth’s rotation Known as the Luni-Solar 
Nutation and Precession. (See Connej*on of Physical Sciences, sections 5 
and 11.) These inequalities have been Computed on the hypothesis of the 
earth being a solid mass. Mr. Hopkins has found that the result would be the 
same if the earth consisted of a solid shell, enclosing a nucleus of liquid fire, 
provided the shell were from 800 to 1000 miles in thickness. According to 
the actual increase of internal heat, the earth must be >a fusion at the depth 
of twenty-one miles, a circumstance equally inconsistent with the preceding 
result, and with the amount of precession. However, the temperature at 
which fusion takes place is probably different at different depths on account of 
the enjit mus pressure. (See Connexion of Physical Sciences, p. 83.) Now 
Mr. Hopkins has recently shown, that if the pressure has no effect in increasing 
the temperature of fusion, the existing temperature cannot be due to original 
central heat; but if it does affect it, then, along with the increasing tendency 
of heat to prevent solidification, as the depth increases, there would be an 
increasing tendency to promote it, by rendering the mass fusible at a higher 
temperature. According as one or other of these tendencies predominates, 
different cases occur, consequently the internal state of the globe may be deter- 
mined by experiments on the effect of high pressure on the temperature ef 
fusion. Were tKe earth composed of a solid shell filled with fluid matter, the 
lava would stand at the same height in all volcanoes, which it does not; and 
the same would happen df the globe had a solid nucleus from high pressure,, 
and a solid crust from refrigeration, with matter between, which is one of the 
possible cases arising* from Mr. Hopkins’s investigation. He shows, however, 
that from various circumstances the solid nucleus and the solid crust may be 
so united at intervals as to divide the molten matter into basins or seas of lava, 
which may be at different levels below the surface, a state that agrees better 
than any other with the phenomena of volcanoes. < Professor Belli of Pavia 
thinks that in different a oleanoes the lava stands at equal heights. 
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which reaches the surface of the earth is capable, in the course of a 
year, of melting a shell of ice of a quarter of an inch thick 1 covering 
the globe. 

The superficial temperature of the earth is great at the equator, it 
decreases gradually towards the poles, and is an exact mean between 
the two at the 45th parallel of latitude ; but a multitude of causes dis- 
turb this law, even between the tropics. It is affected chiefly by the 
unequal distribution of land and water, by the height above the sea, 
by the nature of the soil, and by vegetation, so that a line drawn on 
a map through all the places where the mean teirfperature of jhe earth 
is the same would be very far from coinciding with the parallels of 
latitude, but would approximate more to them as it approaches the 
equator. Between the tropics the temperature of the earth’s surface 
is greater in the interior of continents than on the sea-coasts and 
islands, and in the interior of Africa it is greater than in any other 
part of the globe. 

Temperature depends upon the property all - bodies possess, more 
or less, of perpetually absorbing and emitting or radiating heat. 
When the interchange is equal, the tem\ eraturo of a subsfknce re- 
mains the same ; but when the radiation exceeds the absorption, it 
becomes colder, and vice verm. The temperature of the air is cer- 
tainly raised by the passage of tjje solar heat through it, because it 
absorbs one-third of it before reaching the earthf but it is chiefly 
warmed by heeft transmitted and radiated from the earth. The radi- 
ation is abundant when the sky is still, clear, ^pd *blue, but clouds 
intercept it; so that a thermometer rises in cloudy weather, and 
sinks when the flii> becomes clear and calm; even a slight mist^di- 
minishes radiation from the earth, because it returns as much*hcat as 
it receives. The temperature of the air is subject to such irregu- 
larities from these circumstances, and fronj the difference i*vjj^radi- 
ating powers of the bodies at the surface of flie globe, that it is neces- 
sary to find, by experiment, thesmean or average warmth of the day, 
month, and year, at a great variety of places, in qrder to have a 
standard by which the temperature in different parallels of latitude 
may be compared. 

An approximation to the mean diurnal temperature of the air, at 
any place, is equal to half the sum of the greatest an£ feast heights 
of the thermometer during 24 hours ; and as the height of the ther- 
mometer is twice, in the course of that time, equal to the mean tem- 
perature of the place of observation, it might seem easy to obtain its 
value ; yet that is not the case, for a small error in observation pro- 
duces a very great one in such minute quantities, so that accuracy 
can only be attained from*the average of a great number of observa- 


1 Annales des Sciences Odologiques, par M. Rivifcre, 1842. 
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tions, by which the errors, sometimes in excess and sometimes in 
defect, neutralize or balance each other. *The mean value of quan^ 
titles is a powerful aid to the imperfections of our nature in arriving 
at truth in physical inquiries, and in none more than in atmospheric 
phenomena. Almost all the certain knowledge man lias acquired, 
with regard to the density and temperature of the air, winds, rain, &o., 
has been acquired by that method. 

The mean temperature of any one month at the same place differs 
from one year to another, but the mean temperature of the whole 
yvsar regains nearly the same, especially when the average of a 
great number of years is taken into consideration : for although the 
temperature in any one place may be subject to very great variations, 
yet it never deviates more than a few degrees from its mean state . 1 2 

The motion of the sun in the ecliptic occasions perpetual varia- 
tions in the length of the day, and in the direction of his rays with 
regard to the earth ; yet, as the cause is periodic, the mean annual 
temperature from the* Sun’s motion alone must be constant in each 
parallel of latitude. For it is evident that the accumulation of heat 
in the lbng days in summer, which is but little diminished by 
radiation during the short nights, is balanced by the small quantity 
of heat received during the short days of winter and its radiation in 
the long frosty and clear nights.* Were the different points of the 
globe everywhera.on a level with the surface of the sea, and of uniform 
substance, so as to absorb and radiate heat equally, fhe meah heat of 
the sun would bd regularly distributed v over its surface in zones of 
equal annual temperature parallel to the equator, and would decrease 
reghlarly to each pole. The distribution of heat, how ever, in the same 
parallel is very irregular in all latitudes, even between the tropics, 
from the inequalities in the level and nature of the surface of the 
earthy so that lines drawn; on a map through all places having the 
same mean annual temperature are nearly parallel to the equator only 
between the tropics : in all other latitudes they deviate greatly from 
it, and from one another . 3 Radiation is the principal modifying 


1 The mean of any number of unequal quantities is equal to their stim 
divided by their number. To ascertain the mean annual temperature at any 
place accurately, the mean of a great number of yeai-s must be taken. 

2 The wanhest time of the day is between two and three in the afternoon ; 
the coldest, shortly before sunrise ; but on mountain tops, Where there is little 
radiation from the ground, the time of greatest warmth depends on the direct 
rays of the sun, and is therefore a little before noon. The maximum annual 
temperature occurs about the middle of July in the northern hemisphere, the 
minimum is in January, so that the former takes place some time after the 
summer solstice, because the earth absorbs more heat than it radiates during 
that interval and for the contrary reason the grfetest cold is some time after 
'the winter solstice ; the mean takes place in April and October. 

3 Lines drawn bn a map or globe through all places where the mean annual 
temperature is the same are called isothermal lines . 
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cause of temperature ; hence the heat of the air is most powerfully 
modified by the ocean, ’Mich occupies three times as much of the 
surface of the globe as the land, and is more uniform in its surface, 
and also in its radiating power. On the land the difference in the 
radiating force of the mountains and table-lands from that of the 
plains— of deserts from grounds covered with rich vegetation— of wet 
land from dry, are the most general causes of variation : the local 
causes of irregularity* are beyond enumeration. 

There are two points in the northern hemisphere, both in the 80th 
parallel of latitude, where the cold fs more intense than in spy othfir 
part of the globe with which we are acquainted. One north of 
Canada, in 100° W. long*, has a mean temperature of — 3°*6 of 
Fahrenheit ; while at the Siberian point, in 95° E. long., the mean 
1 temperature of the air is + 1° ; consequently it is four and a half '» 
degrees warmer than that north of Canada — a difference that has an 
influence even to the equator, where the mean temperature of the* 
air is different in different longitudes. Sir David Brewster has com- 
puted that the mean temperature of the North Pole of the # earth’s 
rotation is not under 5° of Fahrenheit, and may be dVen 17°, 
supposing the ocean to extend so far ; but M. Arago’s qptimate on 
the hypothesis of there being land at the North Pole makes the cold 
much greater, for land increase^ the cold by abstracting heat from 
the air in high latitudes, and augments the heat by radiation in low 
latitudes? 

The line of the maximum temperature of thq athaosphere, or the 
atmospheric thermal equator, which cuts the terrestrial equator in 
the meridians of* Tahiti and Singapore, passes through the Pacific 
in its southern course, and through the Attention its northern, has 
a mean temperature of 83°*84 of Fahrenheit. But by the com- 
parison of many observations the mean equatorial tempera tu^gf the 
air is 82°*94 in Asia, 85°*10 in Africa, dhd 80 o, 96 in America : 
thus it appears that tropical Africa is the hottest region on earth. 
Moreover, the atmosphere in the tropical zone of the Pacific, when 
free froih currents, is two degrees and a quarter warmer than the 
corresponding zone in the Atlantic, which is 82 o, 40. Local circum- 
stances increase both heat and cold immensely; in the Nubian 
Desert, for example, a heat of 150° of Fahrenheit i$ the sun, and 
130° in the shade, has been observed. Perhaps the greatest degree 
of heat on record was that experienced by Captain Griffiths near the 
Euphrates, where the thermometer stood at 156° in the sun, and 
132° in the shade. In December, 1738, at Kiringa, in Siberia, 
Gmelin the elder experienced cold of 120° $ the gentlest breeze 
would have rendered that cold fatal by the rapid abstraction of heat 
from the body. — (Dr. TJhomson’s Introduction to Meteorology.) 

On account of the great extent of t ocean, the isothermal lines in 
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the southern hemisphere coincide more nearly with the parallels of 
latitude than in the northern. In the PaJlc Ocean the only flexure 
is 'occasioned by jthe cold of the south polar current, which flows 
along the western coast of the American continent. In the northern 
hemisphere the predominance of land and its frequeut alternations 
with water, the prevalence of particular winds, irregularities of the 
surface, and the difference in the temperature of the points of maxi- 
mum cold, cause the isothermal lines to deviate more from the 
parallels of latitude. They make two .deep bends northward, one in 
the Northern Atlantic and another in the north-west of America, 
and at last they separate into two parts, and encircle the points of 
maximum cold. » 

Professor Dove has shown that, in consequence of the excess of 
land in the northern hemisphere, and the difference in the effect 
produced by tjio sun’s heat according as it falls on a solid or liquid 
Surface, there is an annual variation in the aggregate mean tem- 
perature at the surface of the earth, whose maximum takes place 
duringjthe sun’s northern declination, and its minimum during its 
souther *?. 1 

Places paving the same mean annual temperature, often differ 
materially in climate: in some the winters are mild and the 
summers cool, whereas in others the extremes of heat and cold pre- 
vail : England is an example of the first ; Quebec, St. Petersburg, 
and the Arctic regions aro- instanced of the second. The lolar heat 
penetrates more' abundantly and .deeper into the sea than into the 
land ; in winter it preserves a considerable portion of that which it 
receives in summer, and from its saltncss does not*frecze so soon as 
fresh vfater ; hence the ocean is not liable to the same changes of 
temperature as the land, and by imparting its heat to the winds it 
diminishes the severity of the climate on the coasts and in islands, 
which are never subject to such extremes of temperature as are 
experienced in the interior of continents. The difference between 
the influence of sea and land is strikingly exemplified in the high 
latitudes of the two hemispheres. In consequence of the unlbounded 
extent of the ocean in the south, the air is so mild and moist that a 
rich vegetation covers the ground, while in the corresponding lati- 
tudes in tlfe porth the country is barren from the excess of land 
4 towards the Polar Ocean, which renders the air dry and cold. A 

a 

1 For example, Professor Dove has found that the mean temperature of 
December, January, and February, at Toronto m Canada, added to the mean 
temperature of the same mouths at Hobart Town in Tasmania, exceeds the 
sum of the mean temperature of June, July, ana August, at the same places, 
added together, by 22°*7 of Fahrenheit. Similar results, though varying in 
amount, were obtained for many corresponding (stations in the two hemi- 
spheres, which establishes the law given in the text. 
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superabundance of land in the equatorial regions, on the contrary, 
raises the temperature, vftule the sea tempers it. 

Professor Dove has shown from a comparison of observations that 
northern and central Asia have what may be termed a true conti- 
nental climate both in summer and in winter — that is to say, a hot 
summer and cold winter ; that Europe has a true insular or sea 
climate in both seasons, the summers being cool and the winters 
mild ; and that in North America the climate is inclined to be conti- 
nental in winter, and insular in summer. The extremes of tem- 
perature in the year are greater in central Asia than m North 
America, and greater in North America than in Europejnuid that 
difference increases everywhere with the latitude. In Guiana’within 
the tropics the difference between the hottest and coldest months in the 
* year is only 2°*2 of Fahrenheit, in the temperate zone it is about 60°, 
and at Yakutsk in Siberia 114 0, 4. Even in places which have the 
same latitude as in noi tjiern Asia, compared with others in Europe 
or North America, the diffeience is very great?. • At Quebec the sum- 
mers are as warm as those in Paris, and grapes sometimes ripen in 
the open air, yet the winters are as severe as those in St; Peters- 
burg. In short, lines drawn on a map through places Jiaving the 
same mean summer or wintej temperature are neither parallel to one 
another, nor to the isothermal or geothermal lipas, and they differ 
still more from the parallels of latitude. 1 * 3 * * * * • 

Observations tend to prove tl&t all the climates oh the earth are * 
stable, and have refhained so # fronj the remote^ historical periods ; 
and that their vicissitudes are only.oscillations oFgreater ojr less 
extent, which vanish in the mean annual temperature of a sufficient 
number of years. There may be a succession o£ cold summers and 
ftild winters, but in some other country the contrary takes place ; 
the distribution of heat may vary from af variety of circumstances, 
but the absolute quantity gained and lost by the whole eartFm the 
course of a year is invariably the same. 8 

1 In the same manner as isothermal lines are supposed to *pass through all 
pa its of the globe where the metfn tempeiatuie of the air is the some, so the 
isogeotheimal lines are supposed to pass thiough all places where the idean 
heat of the ground is the same : the isothermal Jmes are supposed to be drawn 
through all places having the same mean summer temperatuiej (did the isochi- 

menal lines pass through all places where the mean winter temperature is the / 
same. The practice of representing to the* eye these lines on a map or ter- 
lestnal globe is of great use iu following and understanding the complicated 
phenomena of temperature and magnctisrrf 

3 According to the researches of M. Arago, the climate of France has not 

altered since a century before the Christian era, that is, in a period of nearly 

two thousand years; and M. Dureau de la Malle has arrived at the conclusion 

that the climate of Italy has not varied from the time of Cato the Censor, who 

died 147 years before Christ, and the present time, or in twenty centuries, by 

comparing the times of ripening of ditferent vegetables and plants, the periods 
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Since the air receives its warmth chiefly from the earth, its tem- 
perature diminishes with the height so rapidly, that at a very small 
elevation the cold becomes excessive, as the perpetual snow on the 
mountain-tops clearly shows. Besides, as the warm air ascends it 
expands, and its capacity for heat being increased more becomes 
latent* which gradually diminishes the sensible hgat shown by the 
thermometer : the decrease is nearly at the rate of a degree of Fahren- 
heit’s thermometer for every 334 feet. By computations founded on 
the capacity of the air for heat, and absorption of the solar light in 
the atmosphere, Fourier has estimated the temperature of the ethereal 
regions to be — 50° of Fahrenheit, while M. Pouillet makes —220° 
from direct experiments on the radiation of terrestrial heat into a 
clear blue sky during the night. 

The atmosphere, being a heavy and elastic fluid, decreases in 
density upwards, according to a determinate law, so rapidly, that 
three-fourths of the whole air which constitutes it are within four 
miles of the earth, aftd all the phenomena perceptible to us — as 
clouds, rain, Tsnow, and thunder — occur within that limit. The air 
even on the tops of mountains is so rare as to diminish the intensity 
of sound, to affect respiration, and, to occasion a loss of muscular 
strength in man and animals. 1 

Since the space in the top of the i tube of a barometer is a vacuum, 
the column of morcury is suspended in the tube by the pressure of 
the atmosphere on the surface of the meroury in the cistern : hence 
every variation in the density or height of the almosphere occasions 
a consesponding rise, or fall in dhe barometric column. The actual 
mean pressure of the atmosphere at the level of the sea is 16 pounds 
on the* square inch; hence the pressure on the whole earth jg 
^enormous. 

Th&slecreasr in the density of the air affords an accurate method 
of finding the height of mountains above the level of the sea, which 
would be very simple, were it not for changes of temperature which 
alter the density and interfere with the regularity of the law of its 

• 

of the vintage, and of the harvest, as given in the writings of Varro, 
Columella, Ac., with the ripenmgs and harvests as they take place at present, 
and in the same localities. — Bureau de la Malle sur la Climatologie, &c.» 
l’ltalie, Ac., Paris, 1850, 8vo. It has been established by actual observation 
of the thermometer, that the climate of Central Italy baa not varied since the 
time of Galileo, 220 years ago. 

1 If the heights above the earth Increase by equal quantities, as a foot or a 
mile, the densities of the strata of air, or the heights of the barometer which 
are proportional to them, will decrease in geometrical progression : for example, 
if the height of the barometer at the level of the sea be 29*922 inches, it will 
he 14*981 inches at tbe height of 18,000 feet, or one-half as great; it will be 
one-fourth as great at the height of 36,000 feet,*one-eighth at the height of 
54j000 feet, and so on. 
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decrease. But as the heat of the air, as before stated, diminishes 
with the height above the earth at \he rate of one degree of Fah- 
renheit’s thermometer for every 2134: feet, tables are constructed by 
the aid of which heights may be determined with considerable 
accuracy. In consequence also of diminished pressure water boils 
at a lower temperature on mountain-tops thau at the level of the 
sea, which affords another method of ascertaining heights. 1 

By the annual and diurnal revolutions of the earth, each column 
of air is alternately exposed to the heat and tjold of summer aqd 
winter, of day and night ; and also to variations occasioned by the 
attraction of the moon, producing tides similar to those m he ocean, 
although in a less marked degree. These lunar tides ebb and flow 
twice during a lunation $ their extent has been satisfactorily deter- 
mined at stations within the tropics. Variations to a much larger 
extent are produced by the action of the sun’s heat on the atmos- 
phere ; they accomplish their rise and fall twije in the 24 hours, and 
arc entirely due to the effects of temperature on the air and the 
moisture contained in it, by which, according to Mr. Dpve’s re- 
searches, independent pressures on the mercurial column in the 
barometer are occasioned. 8 

1 A very ingenious little instrument, called the Aneroid Barometer, has been 
lately invented by M. Vidi of Paris ; which, at the same time that it forms an 
exact and very portable weather- glass* in the common acceptation of that term, 
may be employed with considerable accuracy in ascertaining differences of level. 
Although not to be compared, as an instrument of precision, with the ordinary 
mercurial barometer, it is infinitely more portable, and gives with promptitude 
and accuracy small differences of pressure ; it Will he found, under proper pre- 
cautions, and comparison from time to time with the mercurial baroifieter, a 
most useful companion to the traveller in mountain districts. 

A friend of the author’s has recently tested it^in the hitter respect on some 
of our railways, and found that observations made with it cotefully v^JUgive, 
on a line of ‘200 miles in extent (on the Great W&tem Railway, for instance, 
between London and Plymouth), th<j relative levels of the different stations 
within a very few feet. The observations can be made in a couple of minutes. 
The gentleman in question writes to us; that* he considers the 4 n mml Baro- 
meter will prove a very useful instrument to the geological and the botanical 
traveller. 

See, for a description of this instrument, a pamphlet published by the late 
Mr. E.'J. Dent, of 64, Strand (where these instruments, careful fy compared, 
can be best procured in England), on the Construction and Ustf of the Aneroid 
Barometer, London, 1849. 

8 The moon’s orbit is very much elongated, so that hen distance from the earth 
varies considerably, and consequently her attractive force. Moreover her attrac- 
tion varies with the rotation of the earth, which brings her twice in 24 hours 
in the meridian of any place, once in the superior and once in the inferior 
meridian ; but her attractive actiou on the atmosphere is much inferior to that 
of the heat of the sun. The amount of the moon’s attractive force on the atmos- 
phere' was first deduced by General Sabine (Phil. Trans. 1847 and 1852) from 
the observations made at the Colonial Observatories of St. Helena and Singa- - 
pore, and found by hjjn to be 00*570 of an inch in lat. 1° 3', and 00*365 in 16°, 

O 
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of vapour is continually raised by the heat of the sun 
surface of the globe, which mixes in an invisible state with 
fiie ^ry air or gaseous part of the atmosphere. It is most abundant 
in the ^orrid zone, and, like the heat on which it depends, varies 
with the latitude, the season of the year, the time of the day, the 
elevation above the sea, and also with the nature of the soil, the land, 
and the wat^r. There is no chemical combination between the 
aerial and aqueous atmospheres, they are merely mixed ; and the 
(Jiurnai variations , arise from the superposition of two distinct 
diurnal^apcillations, each going through its complete period in 24 
hours ; one taking place in the aerial atmosphere from the alternate 
heating and cooling of the air, which produce a flux and reflux over 
the point of observation ; the other arising from the aqueous atmo- , 
sphere, owing to the alternate production and destruction of vapour 
by the heat of the day and the cold of the night. The diurnal 
variations of the vapopr have their maximum at or near the hottest 
hour of the day, and their minimum at or near the coldest, which is 
exactly,the converse of the diurnal variations of the dry air. On the 
, whole there are two maxima and two minima heights of the 
barometeiMn the course of 24 hours from the combinations of these, 


but in the interior of continents far fro^p water, where the air is very 
dry, there ought to be one maximum and one minimum during that 
period according to this theory. 0 Tliat appears to be actually the 
case in some pajts of Asiatic Siberia, and of the interior of North 
America during the winter season, when there is scarcely any aquegp 
vapour present in the atmosphere. 

Between the tropics tlic barometer attains its greatest height at 


nine or Half-past nine in the morning ; it then sinks till four in the 
afternoon, after which it, again rises and attains a second maximum 


at lttw-past tbn or eleven in the evening; it then begins to fall till it 
reaches a second time its lowest point about four in the morning. 
The difference in the height is O'llY of an inch, which gradually de- 
creases nor^i and south. Hymboldt mentions that the diurnal varia- 
tions of the barometric pressure are so regular between the tropics, 

. that the hour of the day may be inferred from the height of the 
mercury to within fifteen or sixteen minutes, and that if is un- 
disturbed by°#torm, tempest, rain, or earthquake, both on the coasts 
and at altitudes 13,000 feet above them. The mean height of the 
barometer between The tropics at the level of the sea is 30 inches 
with very little fluctuation, hut, owing to the ascending currents of 
' air from the heat of the earth, it is less under the equator than in 
tempetiite zones, and the decrease towards the equator is extremely 
regular. "It attains a maximum in western Europe between the 
parallels of 40° and 45°; in the North Atlantic the maximum is 
about the 30th parallel, and in the southern part of that ocean it is 
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near the tropic of Capricorn 5 the amplitude of the oscillations 
decreases from the tropics. to about the 70 th parallel, where the 
diurnal variations cease. They apt affected by the seasons, being 
greatest in summer and least in winter. It appears also that the 
fluctuations are the reverse on mountam-tops from what they are on 
the plains, and piobably at a certain height they would cease altOr 
gethor . 1 It is a singular fact, discoveied during Sir James C. floss's 
last voyage, that the mean bright of the baiometcr is an inch lower 
throughout the Antaictic Ocean and at Cape Horn than it is at the 
Cape of Good Hope or Yalpaiaiso : thi| diminished preunjlc of the 
atmosphere m the high latitudes of the Antaictic Cncl^s piobably 
owing to the much smallei amount of aqueous vapom m the air of 
those regions. M. Ermann obsen ed a similar depression neai the Sea 
*ol Okhotsk m eastern Siberia, which can be explained in the same 
mannei . 

Besides the small lioraiy undulations, there ate vast waves moving 
over the oceans and continents m sepai ate add independent systems, 
being confined to local yet \eiy extensive distncts, probably occa- 
sioned by long-continued lams 61 diy vvcathci ovei wide tiacts of 
couutiy By numerous baionn tucal observations made simul- 
taneously m Ixitli hemisjihous, the courses of sc\cial have been 
tiaccd, some ot which t\kc othus 3 G liouis, to accomplish 
their use and tall. "One especially ol these a ast lnrometnc waves, 
many hundieds of miles 111 bicadtli, has been ti act'd ovci the gi eater 
part oi Euiope, and not its Hbreidth only, bufsnlso the dnection of 
its front and its velocity , hav e lx cn rleuly ascei tamed. The course 
of anothei wave been made out liom the Cape of Gooek Hope, 
thiough many mteirneeliatc stations, to the observatory at Toronto 
in Canaela. bmeo evciy undulation has jts perfect ellect indepen- 
dently of the others, iach one is maik< d # by a chaftge m tixffbaio- 
raetcr, and this js beautifully illustrated by eiuved hues on paper, 
constiuetcd fiom a suios ot ob«?nvations. line general form of the 
curve shows the com sc of the 1 principal wave, while 0 small undula- 
tions m its outline maik the maxima and minima of the minor 
oscillations. Although, like all othei waves, these 111 the atmos- 
plieic aie hut waving foims, m which there is no tiaaisfer of an, 
yet winds arise from them like todeysti earns m the ticean, and Sir 
•John Heischel is of opinion that the ciossmg of two ol these vast 
aenal waves, coming in diffeient dnections, fnay geneiate at the 

1 Mr. Pentland has, how evei, found within the tiopics, in the Pei u-Bolman 
Andes, at elevations between 11,000 and 14,000 feet, the hoiaiy oscillations 
of the baioraeter as regulai, and nearly is extensive, as on the level of the bea 
m the same latitude ; they hive also been found to obseive the same jegulanty 
nt still moie elevated stitftns m the Him Java, although the extent of the 
oscillation was less, owing possibly to the extiatiopical position of that legion. 

0 2 , 
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point of intersectioti those tremendous revolving storms, or hurri- 
canes, which spread desolation far and \yide. 

The air expands and becomes lighter with heat, contracts and 
becomes heavier with cold, and, as there are 82 degrees of difference 
between the equatorial and polar tenq^rature, thelight warm air at 
the equator is constantly ascending to the upper regions of the 
atmosphere, and flowing north and south towards the poles, from 
whence the cold, heavy air rushes along the surface of the earth to 
supply its place, for the same tendency to restore equilibrium exists 
in air asvi other fluids. These two superficial currents, which have 
no rotatorfe, motion when they reach and leave the poles, are de- 
flected from their meridional paths by friction from the continually 
increasing velocity of the earth’s rotation as they approach the 
tropics ; and, as they revolve slower than the corresponding parts of 
the earth at which they arrive, the bodies on its surface strike against 
them with the excess of their velocity, so that the wind, to a person 
who thinks himself at* ft*st, blows in a direction contrary to that of 
the earth’s rotation. For that reason the current from the north 
pole becomes a north-east wind after arriving at the tropic of Cancer, 
and that fuom the south pole becomes a south-east wind after it 
comes to the tropic of Capricorn, their limit being about the 28th 
parallel of latitude on each side of tjje equator. In fact, the difference 
of temperature puts the air in motion, and the direction of the result- 
ing wind, at every place, depends upon the difference between the 
rotatory motion of tlfc wind and the rotatory motion of the earth — the 
whple theory of the trade-winds depends upon these circumstances. 

The trade-winds are limited in breadth because it is only for 28° 
on each side of the ..equator that the currents from the poles flow 
along the surface of the earth. In fact, the two currents when they 
leavCfvj-lie poles are in thjb higher regions of the atmosphere, but on 
coming to the tropics they Bink down and flow along the surface 
as trade-winds. Being highly rarefied when they arrive at the equa- 
tor by the heat, they rise, cross each other, and then eacli pursues its 
course as an upper current till they come to the tropics : and now, 
being chilled in the higher regions, they sink down, cross again, and 
each flows along the surface to the poles, where there would be an 
accumulation wof air if they did $ot cross and rise to the surface to 
begin a new course. That the* cold upper currents from the poles, 
sink down at the tropics is an observed fact : possibly it may be from 
an indraught to feed the trade-winds, which would otherwise be 
exhausted by rising into upper currents at the equator. 

Wherever the currents cross there is a region of calms, because 
they balance or neutralise each other through a certain space and 
then go on. Hence there is a belt of calms a little north of the 
equator which girdles the earth with a mean breadth of 6° : on each 
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side of this we find the trader mds, of which the N.E. trade is the 
nanowest on account of the excess of land in the northern hemi- 
sphere. They occupy the space between thg equatonal and the tropical 
calms, or doldrums of the sailors,- but named by Lieut. Maury the 
calms of Cancer and the calms of Capricorn. Then follow the zones 
of extratropical winds, and lastly the polar cfalms. 

It has been shown that the easterly direction of the trade-winds is 
caused by cui rents coming along the surface of the globe with less 
rotatory motion than the places they successively ainve at, but, on 
the contrary, the surface currents that flow from the tromes to the 
poles have a greater rotatory motion than the latitudes titey succes- 
sively come to, therefore they liecome a N W. wind in the southern 
hemisphere and a S.W. wind m the noithem, winch are the pi evad- 
ing winds m the extratropical latitudes. 

Ram-dust has been most wondei fully the means of prov^pg that 
the tiade- winds after meeting at the cquatoi rise up, cioss, and con- 
tinue then couise as uppei cuirtnts. A kiek-icd dust has fic- 
qucntly fallen m large quantities on ships in the Atlantic, especially 
about the Cape do Ycid islands, which was supposed to-be brought 
by the winds fiom the descits of Alnca , but specimens of it having 
been examined by Piofessoi Lhienbeig, fiom the Cape de Yerd 
islands, fiom Malta, Genoa, Lyons, and the Tyrol, he found that 
they all consisted of mfusona anti 01 gam sms wliosg habitat is South 
America, and Lieut. Maury ccnsideis it “as an established fact, 
that there is a perpetual upper cunent of ail fipm South Amenca to 
North Africa, and that the volume of an which flows to the noith- 
ward m these uppej cui rents is ncaily equal to the 'volume wllicli 
flows to the southward with the N E tiade- winds.” r lhere ft every 
reason to suppose that the dust collected by Atr. Pcntland in 1839 
nearly midway between the Afncan and Amengm continents, 
between the 10th and 14lh de^iees of neitli latitude, consisted of 
Amencan infusoria. Clouds corned by an upper ouirent arc fre- 
quentl) seen flymg m a contrary dneetion to those neaier to the 
earth, and it is # a well-known fact that the trade-winds have a 
limited veitical extent of about thice miles, and that at a certain 
elevation, on the top of the Peak of Tencriffc for example, the wind 
blows m an entnely contraiy dneetion from that prevailing at the 
same, time at the level of the sea. * # 

Neai the equator the trade-winds, north and south of it, so com- 
pletely neutralize each other, that fai at sea a candle bums without 
flickering. This zone of calms and light breezes, known as tho 
Variables, is subject to heavy rams and violent thundei -storms. 
On account of the* unequal distribution of land and water m the 
northern and southern hemisphcies, the terrestrial equator is not the 
line of greatest heat, therefore th§ centre of the zone of equatonal 
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calms in question does not coincide with it, hut runs along the sixth 
parallel of north latitude ; however, it changes in position and 
extent with the declination of the sun. In summer it is found 
between the parallels of 8° and 14° of N. lat., and in spring it lies 
between 5° S. and 4° N. lat. In fact, the whole system, including 
the calm belts at the tropics, the trade-winds, and the zone of 
equatorial calms, follows the sun’s motion in declination, moving 
backwards and forwards annually a thousand miles in latitude 
nearly. The 'whole system goes north from the end of May till 
some time in August ; then it stops and remains stationary* till 
winter. % December it again moves rapidly over the ocean 
towards the south, till the last of February or first of March ; then 
it becomes again stationary, and remains so till May. 

Thus, though the trade-winds extend to the 28th degree on each • 
side of^he equator, their limits vary considerably in different parts 
of the ocean, moving to the north or south, according to the position 
of the sun ; and in the Atlantic the north-east trade-wind is less 
steady than the south-east. 1 These perennial winds arc known by 
recent ok ovation to be less uniform in the Pacific than in the 
Atlantic; they only blow permanently over that portion between 
the Galapagos Archipelago, off the const of America, and the Mar- 
quesas. In tlio Indian Ocean the south-east trade-wind blows from 
a few degrees ea&t of Madagascar the coast of Australia, between 
10° and 28° S. lat. The trade-winds arc only constant far from 
land, because the diminished atmospheric pressure from the heating* 
effects of the sun on continents and isfands combined with the rota- 
tion of the earth changes them into periodical monsoons, which are 
steady 'currents of air in the Arabian Gulf, the Indian Ocean, and 
the China Seas. 

When the sun lias crossed the equator, and his vertical rays fall 
on tliV extensive and arid 'plains of Asia, the great mass of super- 
incumbent air, being highly rarefiec^ ascends, and whatever there is 
of the north-east trade-wind is drawn in and’ascends with it. But 
since tho calms of Cancer do not extend to the fcidian Ocean, the 
south-east trade-winds pass into the northern hemisphere ; and as 
they also are drawn into the vortex over the land to maintain the 
equilibrium 1 , they are deflected from their course,* and, being at once 
acted upofl by' tho indraught to the heated plains and the rotation of 

1 Lieutenant Maury, the United States navy, is led to believe that there 
is a region within the limit of the N.E. trade-winds, in the Atlantic, in which 
the prevailing winds are from the south nnd west : this region is somewhat in 
the shape of a wedge, with its base towards the coast of Africa, between the 
equator and 10° N. lat., and between the meridians of J0° and 25° W. long. 
In this space, in which the law of the trade* winds is reversed, there are great 
atmospheric disturbances violent squalls, sudden* gusts of wind, thunder- 
storms, heavy rains, baffling airs, and calms. 
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the earth, they are changed from south-east trade-winds to south- 
west monsoons, which last from April to October. But as soon as the 
sun passes into the southern hemisphere the Asiatic plains become 
cool, and the south-east trade-winds resume their wonted course, 
and from October to April they become the south-east monsoon, 
so that the south-east trade in the Indian Ocean is alternately a 
trade-wind and a monsoon. 1 

The influence of those heated plains upon the winds is felt for a 
thousand miles and more at sea. Thus, though the desert of Gobi 
and the sun-burned plains pf Asia are for the mpsfc part north of the 
latitude of 30°, their influence in producing monsoons is fejrf? south of 
the equator. In like manner the Central American <rfon&oons of 
the Pacific are caused by the heated plains of Utah and Texas; 
those of the Mexican Gulf by the dry lands of New Mexico ; and 
the monsoons in the Gulf of Guinea by the sandy deserts of Africa. 
Thus the monsoons are not occasioned by the sun’s action on the sea, 
but by his action on the land ; and it is to l^p north of the north- 
east trade-winds that most of these deserts lie. 8 

The ^Society and Sandwich Islands, that are far removcjJJroin any 
large extent of land, have a very singular but marked effect upon 
the wind. They interfere with the trades very often, and turn them 
back, for westerly and equatorial winds are common at both these 
groups, but they are local and ofdittlo extent. 

The changes of the jnonsoons. are accompanied by heavy rain and 
violent storms of thunder and lightning. The ascent of the warm 
air between the tropics occasions a depression of the barometer 
amounting to tlig tenth of an inch, which is a measure of the force 
producing the trade-winds. 3 In both hemispheres there is a regular 
variation in the moan height of the barometef within the zone in 
which these great aerial currents flow ; it i»liighcr at their polar limits, 
and decreases with extreme uniformity tonAgtfs their flliuatoria’rtxmn- 
daries, the difference in both hemispheres being 0'5J> of an inch. 

The unequal temperature of the land and sea causes sea-breezes 
which blow towards the land during the day, and land-breezes 
which blow seaward in the night: the former are by much the 
strongest, for the difference of the temperature of the air over the 
land and over the sea is greater during the day than in the night ; 
they are not perceptible in the mornings and evenings because the 

1 Monsoon is derived from the Arabic and Malay # word Moussin, a season. 
(Marsden, in Asiatic Researches.) 

2 Physical Geography of the Sea. (Lieutenant Maury.) 

3 Sir John Ilersohel has obseived, that, on account of the upper flow of heated 
air not being immediately compensated by polar currents, the baiometcr is 
two-tenths of an inch higher at the tropics than at the equator. Eima^on, 
by careful observations in the Pacific and Atlantic oceans, makes this difleiencc 
only 0 a 15 of an inch, whidfi is that stated in the text. 
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temperature of the land and water is then nearly the same. In 
the early morning the sea is calm and the wind at rest, but when 
the sun has warmed the land it rarefies the air above it, which 
ascends, and cool air from the ocean comes to supply its place. At 
first it appears far off as a fitful dark lino upon the glassy sea ; then 
it comes in a gentle ripple, which by degrees freshens into a brisk 
breeze, changing the molten surface into the deepest azure. At sun- 
set the land begins to radiate its heat into space ; by degrees the breeze 
dies away, till the air over the earth becomes cooler and heavier than 
that over the sea, and a land-wind rises which lasts till morning. It 
is impossBUe to describe liow grateful these breezes are in a tropical 
country — doping nature revives under their benign influence. 

The trade-winds and monsoons are j>ermanent, depending on 
the motion of the sun; but it is evident from theory that there 
must be partial winds in all parts of the earth, occasioned by the 
local circumstances that affect the temperature of the air. Con- 
sequently the atmosphere is divided into districts, both over the sea 
and land, in which the winds have nearly the same vicissitudes from 
year to yc?r. The regularity is greatest towards the tropics, where 
the causes of disturbance are fewer. In* the higher latitudes it is 
more difficult to discover any regularity on account of the greater 
proportion of land, the difference in its radiating power, and the 
■ greater extremes of heat and cold. But even there a degree of 
.uniformity prevails in the succession of the jvinds; for example, 
in all places where north and south winds blow alternately, a vane 
veers through c very c point of the compass in the transition, and in 
some .places the wind makes several of these gyratiyns in the course 
of the year. 1 The south-westerly winds so prevalent in the Atlantic 
Ocean between the 36th and GOth degrees of north latitude are pro- 
duced by the under current going north from the equator, and, as 
it has *i: greater' rotatory .motion than the earth in these latitudes, 
it produces a south-westerly wind. , On this account the average 

1 In the northern hemisphere a north wind sets out with a less rotatory 
motion than the places have at which it successively arrives, consequently it 
Xfers thiough all the points of the compass from N. to N.E. and E. If a 
south wind should now spring up, it would gradually veer from S. to S.W. 
and W., because its rotatoiy velocity would be greater than that of the places 
it successively comes to. The combination of the two would cause a vane to 
veer flora E. to S.E. and S. ; but the rotation of the earth would now cause 
the south wind to veer round from S. to S.W. and W. ; and should a noith 
wind now arise, its combination with the west wind would bring the vane 
round from W. to N.W, and N. again. At the Greenwich Observatory the 
wind makes five gyrations in that direction in the course of a year. In Europe 
it is the contention of the N.E. and S.W. winds which causes the rotation of 
the wind and the principal changes of weather, the S.W. being warm and 
moist, the N.E. cold and dry, except where it comes over the German 
Ocean. v 
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voyage from Liverpool to New York in a sailing-vessel is 40 days, 
while it is only 23 days from New York to Liverpool. For the same 
reason the average direction of the* wind in England, France, Ger- 
many, Denmark, Sweden, and North America, is some point between 
south and west. North-westerly winds prevail in the corresponding 
latitudes of thessoutliern hemisphere from the same cause. In fact, 
whenever the air has a greater velocity of rotation than the surface 
of the earth, a wind more or less westerly is produced ; and when it 
has less velocity of rotation than the earth, a wind having aj* easterly 
tendency results. Thus there is a perpetual change between the 
different masses of the atmosphere, the* warm air tempering the cold 
t of the higher latitudes, and the cold air mitigating the heat of the 
lower ; it will be shown afterwards that the aerial currefts are the 
bearers of principles on which the life of the animal and vegetable 
world depends. * t 

Hurricanes are those storms of wind in which the portion of the 
atmosphere that forms them revolves in a horizontal circuit round 
a vertical or somewhat inclined axis of rotation, while tfflfaxis itself, 
and consequently the whole storm, is carried forwards along the sur- 
face of the globe, so that the direction in which the storm is Advancing 
is quite different from the direction in which the rotatory current 
may be blowing at afly point ; the progressive motion may continue 
for days, while the wind accomplishes many gyrations through all 
the points of the compass in JtiiQ same time. *ki the Atlantic the 
principal region of hurricanes is to the east of the West India islands, 
and in the IndianDeean to the cast of the island of Madagascar : con- 
sequently the former is in tlie northern hemisphere, the latter in the 
southern ; but in every case the storm moves in an elliptical or para- 
bolic curve. The West Indian hurricanes generally have their origin 
eastward of the Lesser Antilles or Caribbean islands, and tlie vortex - 
of their path near the tropic of Ciincer, or about the exterior limit of 
the north-east trade-wind. As the motion of the storm, before it 
reaches the tropic, is in a straight line from S.E. to N.W., and 
after it has passed the tropic from S.W. to N.E., the bend of 
the curve is turned towards Florida and the Carolines. In the 
South Pacific Ocean the body of the storms moves in amexactly ojipo- 
site direction. The hurricanes which originate south of the equator,, 
called Cyclones, and whose initial path is from N.E. toS.W., turn at 
the tropic of Capricorn,' and then tend from N.W. to S.E., so that 
the bend of the curve is turned towards Madagas^pt 
Tlie hurricane seasons are simultaneous with tfie monsoons : in the 
northern hemisphere they occur during the monsoons in the Pacific, 
Indian Ocean, and the -system coast of Central America ; and iff the 
South Indian Ocean during the N.E. monsoon in the Indian Archi- 
pelago. 

o 3 



298 


PHYSICAL GEOGRAPHY; 


Chap. XXI. 


In the Atlantic these dreadful storms are caused by the irregularity 
in the temperature of the Gulf-stream and of the neighbouring regions, 
both of air and water. A difference of 48° Fahr. has been observed 
between the temperature of that stream and the air on each side of it, 
whence Mr. Maury concludes that “ the excess of heat daily brought 
into such a region by the waters of the Gulf - s treamswould, if sud- 
denly stricken from them, be sufficient to make the column of the 
superincumbent atmosphere hotter than melted iron. With such an 
element af atmospherical disturbance in its bosom, we might expect 
storms of\^ most violent kind to accompany it in its course. Ac- 
cordingly the most terrific that rage in the ocean have been known to 
spend their fury within or near its borders. Our nautical works tell 
us of a stdfhn which forced this stream back to its sources, and piled 
up the water in the Gulf to the height of 30 feet. The Ledbury 
Snow attempted to ride it out. When it abated she found herself 
high up on the dry lanVT, and discovered that she hail let go her anchor 
among the tree-tops on Elliott’s Key. The Florida Keys were inun- 
dated many reet, and it is said that the scene presented in the Gulf- 
stream was,, never surpassed in awful sublimity on the ocean. The 
water thus dammed* up is said to have rushed out with wonderful 
velocity against the fury of the gale, producing a sea that beggared 
description.” 

In tlie great hurricane of 1780 the very bottom and depths of the 
sea were uprooted, and the waves rose to such a height that forts and 
castles were washed away, and their great guns carried about in the 
air like chaff ; houses were levelled to the ground, -ships were wrecked, 
and the bodies of iuqp and beasts lifted up in the air and dashed to 
pieces in the storm. At the different islands not less than 20,000 
person lost their lives oji shore, while further north the Stirling 
Castle and the Dover Castle men-of-war foundered, and fifty sail 
were driven on shore at the Bermudas. 

The extent and velocity of the Atlantic hurricanes arc very great ; 
the most rapid move at the rate of 90 miles an hour. The hurricane 
which took place on the 12th of August, 1830, was traced from the 
eastward of. the Caribbean islands to the hanks of Newfoundland, a 
distance of more than 3000 miles, which it passed over in six days. 
Although that of the 1st of September, 1821, was not so extensive, 
its velocity was greater, as it moved at the rate of 30 miles an hour. 
Small storms are generally more rapid than tfiose of great magnitude. 
Sometimes they aAear to be stationary, sometimes they stop and 
again proceed on their course, like water-spouts. Hurricanes arc 
occasionally contemporaneous, and so near to one another as to travel 
in attnost parallel tracks. This happened ip the China Seas, in Oc- 
tober, 1840, when the two storms met at an' angle of 47°, and it was 
supposed that the ship Golconda foundered in that spot with 300 
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people on board. A hurricane has been split or divided by a moun- 
tain into two 'separate storms, each* of which continued its new 
course, and the gyrations were made with increased violence. This 
occurred in the gale of the 25th of December, 1821, in the Mediter- 
ranean, when the Spanish mountains and the maritime Alps became 
new centres of motion. 

# By the friction of the earth the axis of the st&rm bends a little 
forward, and the whirling motion begins in the higher regions of the 
atmosphere before it is felt on the caTth. This causes a continual in- 
termixture of the lower and warmer strata of air with thfse that are 
higher and colder, producing torrents of rain, and surnames violent 
olectric explosions. 

The rotation as well as the course of the storm is in a different 
direction in the two hemispheres, though always alike in the same. 
In the northern the gyratory movement of the wind is from east, 
through the north, to west, south, and cagt again ; while in the 
southern hemisphere the rotation about the axis of the storm is in 
the contrary direction. Hurricanes happen south of thp^uator be- 
tween December and April ; in the West Indies, between June and 
October. Rotatory storms frequently occur in the Indiafi Ocean, and 
the typhoons of the China seas are real hurricanes of great violence. 
Both conform to thp laws of suclt winds in the northern hemisphere. 
The Atlantic storms probably ueacli Spain, Portugal, and the coast of 
Ireland. Two circular storms have passed over Great Britain, and 
lesser ones often occur between the Chops of the Channel and Madeira. 
A true hurricane passed over Ireland and the west coast of England 
in January, 1839. A strong gale had blown from S.S.E. on the Gth, 
when about ten in the evening the air becam£ suddenly calm and 
warm, ^vhicli was evidently during the •passage of the axis of the 
storm, for soon after the gale was renewdfi.witli the^itmost violence, 
but how it was from the S.YV^and W.S.W., and on the evening of 
the 7th was accompanied by snow, thunder, lightning, and intense 
cold. At Leeds, 70 miles distant from the Irish Sell, and separated 
from it by a ridge of hills, there was everywhere a saline deposit. 

The temperature of winds depends upon the nature of the surface 
over which they blow. In Europe the coldest and dries# wind is from 
the jNT. andN.N.E. ; in America it is from the JST. afid N.N.W., be- 
cause both come from the polar ice, and sweep over extensive tracts 
of land. The warm and moist winds in Europe are from the S.W., 
because they blow over a great extent of ocean, especially on the 
western side of the continent. 

The revolving motion accounts for the sudden and violent changes 
observed during hurricanes. In consequence of the rotation of the 
air, the wind blows inapposite directions on each side of the axis of 
the storm ; and the violence of the blast increases from the circum- 
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ference towaids the centre of gyration, but in the centre itself the air 
is in repose : hence, when the body of the storm passes over a place, 
the wind begins to blow moderately, and increases to a hurricane as 
the centre of the whirlwind approaches ; then in a moment a dead 
and awful calm succeeds, suddenly followed by a renewal of the storm 
in all its violence, but now .blowing in a direction diametrically oppo- 
site to what it had before. This happened in the island of St. Thomas 
on the 2nd of August, 1837, where the hurricane increased in violence 
till half-past seven in the morning, when perfect stillness took place 
for forty minutes, after which the storm recommenced in a contrary 
direction. ^B'e breadth of a hurricane is greatly augmented when 
its path changes its direction in crossing the tropic. In the Atlantic 
the vortex of one of these tempests has covered an area from 600 to 
1000 miles in diameter. The breadth of the lull in the centre varies 
from 6 to 30 miles ; the height is from 1 to 5 miles at most : so that 
a person might see the strife of the elements from the top of a moun- 
tain, such as Teneriffe or Mowna Roa, in a perfect calm, for the upper 
clouds arc {jecf^cntly seen to be at rest during the hideous turmoil in 
the lower regions. 

The sudden fall of the mercury in the baiometer in latitudes habi- 
tually visited by hurricanes is a certain indication of a coming tempest. 
In consequence of the centrifugal lour c of tin so lotatory storms, the 
air becomes rarefied ; and as the almo^nhere is disturbed to some dis- 
tance beyond the w tual* circle of gyration, or the limit* of the storm, 
the barometer often sinks some liour< before its arri d . it continues 
sinking the first half of the hurricane, and again rises during the pas- 
sage of the latter half, though it does not attain its greatest height 
till the storm is over/ The diminution of atmospheric pressure is 
greater, and extends over a wider area, in the temperate zon^p than 
in the torrid, on account of the sudden expansion of the circle of rota- - 
tion where the gale crosses the tropic. 

As the fall of the barometer gives warning of the approach of a 
hurricane, so the laws of a storm’s motion afford to the seaman know- 
ledge to avoid it. In the northern tempefate zone, if the gale begins 
from the S.E. and veers by S. to W , the ship should steer to the 
S.E. ; but if the gale begins from the N.E., and changes through N. 
to N.W., the vessel ought to go to the N.W. In the northern part 
of the torrid zone, if the storm begin from the N.E. and veer through 
E. to S.E., the ship should steer to the N.E : but if it begin from 
the N.W. and veer by W. to S. W., the ship should steer to the S.W., 
because she is on the south-western side of the storm. Since the laws 
of storms are reversed in the southern hemisphere, the rules for steer- 
ing vessels are necessarily reversed also. 1 

1 In all hurricanes hitherto observed, the sinking of the mercury, and the 
increase of the wind, have been more or less regularly progressive till within 
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A heavy swell or sTorm-wave is peculiarly characteristic of these 
tempests. In the centre of the hurrioanc the pressure of the atmos- 
phere is so much diminished by 'rotation, that the mercury in the 
barometer falls from one to two, and even two and a half inches. On 
that account the pressure of the ocean beyond the range of the wind 
raises the water in the centre of the vortex about two feet above itsr 
usual level, and proportionally to the degree of diminished pressure 
over the whole area of the storm. This mass of water, or storm- 
wave, is driven bodily along with or before tho tempest, and rolls in 
(upon the land like a huge wall of water. It is similar the earth- 
quake-wave, aiid irf by no means the heaping un of the water after a 
long ga 1 ’ SI lips have been swept by it out of docks and rivers, and 
it hns sometimes carried vessels over reefs and banks so as to land 
them high and dry : this happened to two ships on the coast of the 
Eastern Andaman islands in 1844. Coringa, on the Coromandel 

•• 

three or four hour&* sail of the O' of the storm ; find in one class they have 
continued so even to th or tile in another class, andJ^tJur the most 

terrible, the depression of tl orcury has been sudden and excessive when 
within t!i«t f distant of the centre, and the violence of the tempvt tar beyond 
the average. When a ship u» within 50 or 60 miles of the centre, the storm 
has me mastery, ai> scamawnp is «». little avail. Rules for avoiding this 
tiiLunity, and for . •jipng a ship \* involved in a Jjurricane, are fully 
explained in the ‘ Hid nc.me 'SpM * lliam Radelii* Birt, published under 
the sanction of the \umiralty, ii IZiiio., Lond . 1 , 1850 ; a Jittle book in which 
the navigator will find infoimitir^i conveyed in a veiy«ntelligiblc manner on 
the subject; and m the new edition, 1851, of the * Sailor’s f Join-Book for the 
Laws of Storms,* H. Piddington, Esq., President of the Marine Coufls of 
Inquiiy at Calcutta. * The following approximate table is given by tl*e latter 
author to serve as a guide till better data shall be obtafcW: — 

A x croft** fall ./f the , Distance of u ship from the 

barometer per hour. # centr jf th%storm, in njlies. 

From 0*0*20 to 0*060 .• From 2jK) to 150 


„ 0*060 „ 0*080 „ 150 „ 100 

„ 0*080 „ 0*1 ‘20 100 „ 80 

„ 0*120 „ 0*150 „ 80 „ 50 


The rate of fall per hour doubfes after the storm has lasted six hours, and 
within three hours of the centre of the luirricane the mercury will fall four 
times as fast, if it be of the violent^lass. # 

Colonel James Capper was amongst the first to point qpt the rotatory 
motions of storms, as Mr. W. C. Uedfield, of New York, was to determine 
their laws. General Reid, Governor of Malta, and Mr. Piddington, of Cal- 
cutta, have also written ably, and added greatly to ^>ur knowledge, on the 
subject. Mr. Dove, the great meteorologist of Berlin, has proposed a very 
ingenious explanation of the origination of rotatory storms by lateral currents 
in the upper atmosphere, produced by the overflow occasioned by ascending 
currents over highly heated districts (sec Report of R. 8. to Gov. on Me- 
teorological Observations) ; whilst Mr. Birt has united in a very abridged and 
useful form the practical information collected by the authors who preceded 
his little essay on Hurricanes. Of late years this subject has occupied much 
attention both in India and the United States. 
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coast, is particularly subject to inundations from that cause. In 
1789 the town and 20,000 inhabitants were destroyed by a succession 
of these great waves during a hurricane, and as many perished there 
in 1839. 

Besides storm-waves, storm-currents are raised, which revolve with 
the rotation of the wind, and are of the greatest force near the centre 
of the vortex. 

The rise of the sea, by the pressure of the surrounding ocean and 
the irresistible fury of the wind, makes a tremendous commotion in 
the centre o£ the storm, where the sea rises, not in waves, but in 
pyramidal masses. *Thc noise during its passage resembles the 
deafening roar of the most tremendous thunder ; and in the typhoons 
in the China seas it is like numberless voices raised to the utmost 
pitch of screaming. In general there is very little thunder and light- 
ning ; sometimes a vivid flash occurs during the passage of the centre, 
or at the beginning of the storm ; yet in Barbadoes the whole atmos- 
phere has been enveloped in an electric cloud. 

A thick Ti?rr&appcai ancc, with dense masses of cloud in the horizon, 
ominous and^terrihle, are the harbingers of the coming tempest. The 
sun and clouds frequently assume a fiery reduess, the whole sky takes 
a wild and threatening aspect, and the wind rises and falls with a 
moaning sound, like that heard infold houses on a winter’s night. 
It is akin to the “ calling of the sea,” r a melancholy noise w^jich, in a 
dead calm, presages ar storm on some parts of the English cCfejat. 

Those intensely violent gales, of short duration, called arched 
squafis , because they rise from an arch of clouds on the horizon, are 
not rotatory : they opeur in the Strait of Malacca, attended by fierce 
thunder and lightning and a lurid phosphorescent gleam. The 
north-western g$les in thg Bay of Bengal, the tornadoes on the 
African coast, and the pamperos of the Bio de la Plata, are of the 
same nature. On an average a strong gale moves at the rate of 40 
miles an hour, g, storm at alxmt fifi, and hurricanes at 90. Deserts, 
especially those of Africa and Asia, are subject to intensely hot winds 
of short duration, frequently fatal to exhausted travellers : of these 
the simoom and sand-wind are the most formidable. A red lurid 
appearance in Jhe atmosphere, caused by the quantity of burning 
sand raised by the wind, gives warning of their approach ; every-; 
thing is scorched in jtheir passage, and breathing 'becomes painful. 
It is probably owing to the sand wafted by them that these winds 
are so deleterious, and not to their temperature, since air heated to a 
much higher degree may he breathed with impunity, as has been 
proved by Sir Joseph Banks and by Sir Francis Chan trey, in an 
atmosphere raised to more than 300°. The simoom generally blows 
only a few hours, but sometimes it continues* for two or three days, 
when it comes in gusts driving clouds of sand ; nothing can with- 
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stand it. There can be no doubt that unaccountably sudden changes 
of temperature occasion these formidable winds. 

Whirlwinds are frequent in tropical countries, especially in deserts; 
sometimes several are seen at one time in the Arabian deserts, of all 
sizes, from a few feet to some hundred yards in diameter. They 
occur in all kinds of weather, by night as well as by day, and come 
without the smallest notice, rooting up trees, overwhelming cara- 
vans, and throwing down houses and as they produce water-spouts 
when they reach the sea, they dismantle and etfen sink ships. Pillars 
' of sand are often raised by them on the African deserfj? two or three 
hundred feet high. In Nubia Bruce saw cle^i advancing towards 
him with considerable swiftness. It was vain to think of flying 
where the speed of the swiftest horse could have been of no avail, 
and that conviction riveted him to the spot. They retreated, leaving 
him in a state of mind between fear and astonishment, to which he 
could give no name. Whirlwinds advance with a loud rushing noise, 
and are frequently attended by electrical explosions. The water- 
spouts so frequently seen on the ocean originate in •adjacent strata 
of air of different temperatures, running in opposite directions in the 
upper regions of the atmosphere. They condense the vapour, and 
give it a whirling motion, so that it descends tapering to the sea 
below, and causes •the surface of the water to afecend in a pointed 
spiral till it joins that from above, and then itjooks like two in- 
verted cones, being thinner in the middle tlmrt either above or below. 
When a water-spout lias a progressive motion, the upper and jinder 
part must movefrn the same direction, and with equal velocity, other- 
wise it breaks, which frequently happens. 
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■ CHAPTER XXII. 

Evaporation — Distribution of Vapour — Dew — Hoar Frost — Fog — Region 
of Clouds — Forms of Clouds — Rain — Distribution of Rain — Quantity 

— Number of* rainy J^ys in diffeient Latitudes — Rainless Districts — 
Snow Crystals — Lin^w Perpetual Snow — Limit of Winter Snow on the 
Plains — Sleet — Hail — Minuteness of the Ultimate Particles of Matter — 
Their Densities and Forms — Their Action on Li^ht — Colour of Bodies — 
Colour of the Atmosphere — Its Absorption and Reflection of Light — 
Mirage — Fog Images — Coronae and Halos — The Rainbow — Iris in 
Dewdrops — The- Polarization of the Atmosphere — Atmospheric Elec- 
tricity — Its Variations — Electricity of Fogs and Rain — Inductive Action 
of the Earth Lightning — Thunder — Distribution of Thunder-Storms 

— Back Strode — St. Elmo’s Fire — Phosphorescence — Aurora — Mag- 
netism — Terrestrial Magnetism — The Dip — Magnetic Poles and Equator 
* — Magnetic Intensity — Dynamic Equator ~ Declination Magnetic Me- 
ridian — » Lines of c Equal Variation — horary Variations — Line of Alter- 
nate Horary Phenomena — Magnetic Storms - Coincidence of the Lines of 
equal Magnetic Intensity with Mountain Chains ■ — Diamagnetism. 

Moisture is evaporated in an invisible form from every part of the 
land and water, and at all temperatures, even from snow. Mr. 
Darwin mentions that the snow once entirely disappeared from the 
Nevado of Aconcagua, in Chile, which is 23,910 feet high, from 
l evaporation undei a cloud lew sky and an excessively dry air. The 
vapour rises and mixes with the atmosphere ; and a# its pressure 
and density diminish with the height hbove the surface of the earth, 
in consequence of gravitation, there is absolutely less moisture in 
tMiliigher thaft in the lower regions of ttte air.* 

The trade-winds promote evaporation, for as soon as the vapour is 
formed they aarry it off, otherwise the atmosphere would become 
saturated, and iflo more would rise. From the surface 4ft the whole 

1 The humidity of the ( air is* measured by the Hygrometer, an instrument 
which shows the rapidity of 1 evaporation* at all temperatures; for the rate of 
evaporation is in propoition to the dryness of the atmosphere, and is nearly in 
.the ^inverse ratio of the density. .When the evaporation is below 15° on the 
|Hb$ Hygrometer the air is very damp, when above 70° it is intensely 
dfy The uiost accurate mode of determining the quantity of moisture in the 
air }»• by &s wet bulb thermometer, which showithe temperature at which 
r fhe'atossplfet* J§ saturated with humidity: hence \fet amount of the latter 
c k easily found iR the tables. Dapiels* Hj^fometer and August’s Pyohrometer 
||ue founded on this principle. 
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globe? it has been computed that 186,240 cubic miles of watej is J 
annually raised in the form of vapour^ and 'annually 'descends in 
ram, hail, and snow. The air Ts'Tiier storehcmBer'the winds the 
swiflf messengers who carry it to water the land and feed the rivers. 
The power of the sun and air to raise and carry this immense mass 
must be enormous. It is on the same stupendous scale in which all 
the mighty operations of nature are conducted. 

There are about 25 millions of square miles of sea in the northern 
hemisphere, and nearly 75 in the southern ; besides, the zone of the 
south-east trade winds is much greater thaij the northern, and 
covers three times as much water ; yet the mean annual amount of 
rain in the northern hemisphere is 37 inches, and oufy 26 in the 
southern ; for the vapour from the great reservoirs at the equator 
and the southern hemisphere is wafted by the south-east trade-wind 
in the upper regions of the atmosphere till it comes to the calms of 
Cancer, where it sinks down and becomes a south and south-west 
surfdbe wind, and then the condensation begins that feeds all the 
greatest rivers in the world, which, with the exception of the La 
Plata and the Zambeze, are in the northern hemisphere. The 
atmosphere is much more unstable in the northe*$J|%E$isphere with 
its excess of land, than in the southern with of water. 

Pains, fogs, thunder, calms, and storms, all occur IpSftl more fre- 
quently, and are much more irregular also as to tijne jsnd place, on 
this side than they are on the other side of the equator. The 
evaporation is greatest between the tropics, from the excess of heat 
and the preponderance of th<3 ocean, and its average quantity de- 
creases from theqee to the poles. Over the open sea, in all latitudes, 
the air contains a larger proportion of moisture than in the interior 
of the continents ; the evaporation diminishing* from the. coasts to 
the interior of the latter : so that in the interior of the United 
States of North America, in the deserts <Jf,Asia, an^iu the idberior 
of Australia, the aqueous vapour contained in me air is very 
small. There is scarcely any evaporation in the deserts of Africa, 
and the extreme heat, increased by the reverberation of thd sand, 
opposes aqueous precipitations, and as the winds which blow ovdr 
it have already been deprived of their moisture, this land is doomed 
to perpetual sterility. The air over the steppes of Siberia is like- 
wise nearly devoid of moisture. The greatest degree* of dryness oh 
record is that observed by M. Erman between the valleys of the 
Irtish and Oby, after a continued south-west rfind with a tempera- 
ture of 7 of Fahrenheit. 

Throughout all the countries in the northern hemisphere where 
observations have been made on the variations of atmospheric 
moisture, it appears that 1 the air contains less vapour in January 
than in any other monflT of the year, yet at that time there is the 
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greatest dampness to our sensations ; while in July the air is driest, 
and yet, on account of the heat, evaporation is the greatest : the 
reason is, that the heat in July dissolves the moisture and increases 
its elasticity or tension so much that it becomes insensible, whereas 
the cold of winter condenses it and renders it apparent. The pro- 
portion of vapour in the air varies with the direction of the wind : 
in Europe it is greatest in a south-west wind, and least in a north- 
east ; the former, being part 6f the equatorial current drawn down 
to the surface of the globe, comes warm and moist over the Atlantic, 
while the northern wind blows dry and cold from the pole. When 
the moisture is abundant and the tension great, which is often the 
case before ifcin, the air is very transparent, and, distant objects 
appear nearer, and all their details are more distinctly seen : from that 
circumstance the clearer view of distant mountains and headlands 
predicts wet weather. Very dry air is also exceedingly transparent, 
as on the tops of very lofty mountains, and in sandy deserts where 
the stars are seen to shine with uncommon lustre, and the brighter 
planets are visible in the daytime. On account of the heat the air 
between the^appics contains more moisture than elsewhere, and were 
it not for the amount of evaporation, the warmth there would he 
greater than'it is, for a depression of temperature takes place during 
evaporation by the absorption of the heat, which becomealatent and 
insensible to the feelings and to ther thermometer. The evaporation 
and consequent absorption of heat may be so lapid as to produce 
intense cold ; upon th/it principle M. Boutigny froze water and even 
quicksilver in a red-hot crucible. 

Iflffe quantity of atmospheric moisture varies alsq with the hours 
of the day and night. In early morning the evaporation accumu- 
lates near the surface o( the ground from the resistance of the 
air above it, but, as the sun rises above tlio horizon and warms the 
earth,* the air Incomes rafcefied and ascends, carrying the vapour 
with it; so that' the quantity near the ground is diminished till 
evening, when, on account of the lowness of the temperature, the 
ascending currents cease, and the air becomes loaded with vapour 
and deposits its excess in the sliape of * dew of hoar-frost. For in 
the night the earth radiates part of the heat it received during the 
day through*the atmosphere into space, and the temperature of the 
bodies on its surface sinks below that of the air ; and by abstracting 
part of the heat which holds the humidity of the air in solution a 
deposition takes plac£. The dew-point is the temperature at which 
vapour is deposited on bodies colder than itself, but before any 
deposition takes place the air must be saturated with moisture to 
the temperature of the body upon which the dew is deposited. It is 
very abundant on the shores of continents, hut it is not deposited 
on small islands in the midst of large sea^* because on them the 
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difference between the temperature of the day and the night is 
not sufficiently great. Dalton estimated that the quantity of dew 
that falls in England annually would form a bed of water uni- 
formly spread over the whole kingdom* of five inches in depth. If 
the radiation be great, the dew is 'frozen and becomes ^hoar-frost, 
which is th e jfig j>i dew. Cloudy and windy weather is unfavourable 
for^the formation oF^Ew by preventing the free radiation of heat, and 
actual contact is necessary for its formation, as it is never suspended 
in the air like fog. Dew falls in calm serene nights, but not on all 
substances indifferently ; it wets them in proportion to their powers 
of radiation, leaving those dry that radiate feebly or not at all. Dew 
is most abundant on coasts ; in the interior of continents there is 
very little, except near lakes or rivers. When dew is congealed 
> into hoar-frost it forms beautiful crystals, and the cold which pro- 
duces it is ’very hurtful to vegetation, but the slightest covering pre- 
serves plants from its effects. 

When the atmosphere is so saturated with, the vapour of water 
that it is precipitated in the air itself, a fog is the result, which con- 
sists of small globular particles of water. When dewjs formed, the 
earth is colder than the air in contact with it ; but the case is exactly 
the contrary when fogs take place, the moist soil being farmer than 
the air. In countries where the soil is moist and warm, and the air 
damp and cold, thiqk and frequeat fogs arise, as iq England, where 
the* coasts are washed by a sea ofc elevated temperature from the Gulf- 
stream, and the excess of the heat of the Gulf-Stream above the cold 
moist air is the cause of the perpetual fogs in Newfoundland, and on 
the approach of winter those dense fogs known to seamen as frost- 
smoke steam from the Polar Ocean till it is frozen over. • 

Superior to ail these phenomena, and at a considerable height above 
the earth, the air is veiy dry, because under ordinary circumstances 
the vapour ascends in a highly elastic %ud* invisible state lill it 
reaches a stratum of air of lower temperature, and then it is con- 
densed into clouds. The region of clouds is a zone at a height vary- 
ing from one to four miles above the surface of the fearth, which^s 
saturated with moisture. From friction and other causes the ourrents 
of air in the lower parts of that zone run horizontally on each other ; 
and as they generally differ in moisture, temperature, and velocity, 
the colder condense the invisible vapour in the warmeif, and make it 
apparent in the form of a cloud, which differs in no respect from a 
fog, except that one floats high in the air, white the other rests on 
the ground. 

At moderate heights clouds consist oPvapour, but at great eleva- 
tions where the cold is severe they are an assemblage of minute 
crystals of ice. They assume three primary characters, from whence 
four subordinate forn^ # are derived. The cirrus, or cat’s- tail of 
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sailors, is the highest ; it sometimes resembles a white brush, at 
other times it consists of horizontal bands of slender silvery fila- 
ments. To these all Kfimtz's measurements assign aheight of 19,500 * 
feet, which is confirmed by their appearance bffing the jsame when 
seen from the tops of mountains or from the plains ; consequently 
they must consist of minute particles of ice or flakes of snow floating 
in the higher regions of the zone of clouds. cirri for the most 
part arrange themselves in parallel bands which converge to opposite 
points in the horizon, by the effects of perspective, and as they travel 
in their longitudinal .direction they appear to be stationary. In the 
middle and higher latitudes of the northern hemisphere they tend 
from south-^hst to north-east, which is the direction of the prevailing 
winds, and at the equator from south to north. It is supposed that 
their parallel form arises from their being conductors between two ' 
foci of electricity, but, whatever the cause of this arrangement may 
be, it is very general ; they are supposed by Humboldt and Arago 
to be connected with -the phenomena of the aurora. Among these 
clouds, which occasionally appear like fleecy cotton or wool, halos 
and parhelia gre formed, which often precede a change of weather 
announcing rain in summer, in winter frost and snow. 

Cumuli of summer-clouds are rounded forms resting on a straight 
band in the horizon, and resemble mountains covered with snow. 
They are formed t by ascending currents drawing the vapours into the 
higher regions of the atmosphere ; sometimes they rise and cover the 
whole sky, and in tha evening they frequently become more numerous 
and of deeper tint, presaging storm or rain. 

Tfee stratus is the third of the primary characters of clouds : it is 
a horizontal band, which forms at sunset and vanishes at sunrise 
The subordinate varifeties of clouds are combinations of these tike 
principal classes. 1 l\e wmds, the great agents in all atmospHeMc 
changes, carry the vapour fa lo a distance, wherelft is often condensed 
on the tops of the mountains into clouds wjiich seem to be stationary, 
but which in reality are only maintained by a constant condensation 
o|fresh vapour* which is carried off, as goon as formed, by tho wind, 
and becomes invisible on entering warmer air. 

When two masses of air of different temperature meet, the colder, 
by abstract^ the heat which holds the moisture in solution, 

1 The four subordinate forms of clouds are the cirro-stratus, composed of 
little bands of filament, moie compact than tho cirrus, forming horizontal 
strata, which seem to be numerous thin clouds when in the zenith, and at the 
horizon a long narrow band. The cumujo-stratus consists of the summer- 
cloud, like snowy mountains heaped on one another, which at sunrise have a 
black or bluish tint at the horizon, and pass into the nimbus, or rain-cloud, 
which has a uniform grey tint, fringed at the edges, —it often becomes a thunder- 
cloud; and the fourth is the cirro-cumulus, a combination of filaments and 
heaped-up cumuli or summer-clouds, « 
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causea ihe particles to coaUeoe and form drops of water, which fall 1 
in the shape of rain by their gravitation. And when two strata of 
different temperature moving rapidly in contrary directions come 
into contact, a heavy fall of rain ‘takes place ; and as the quantity 
of aqueous vapour is most abundant in tropical regions, the drops 
are larger and the rain heavier than elsewhere. 1 * 

The fall of rain, especially in low latitudes, depends upon the zone 
wof trade-winds and calms. .In the region of the trade-winds the sky 
is either mottled or serene, and the weather steady and delightful. 
These winds are the collectors and carriers of £he vapour which the 
sunbeam raises from the ocean. But electricity also arises with 
the vapour, because it always accompanies evaporation provided 
the water he not pure ; and as the sea- water contains many ingre- 
dients, a very great quantity is generated, rises with the vapour in 
the intertropical regions, and is poured with it into the belts of 
calms, in the higher regions of which there ^ a constant condensa- 
tion from the crossing of winds of different temperatures, and 
tremendous thunderstorms are almost of daily occurrence, accom- 
panied by torrents of rain. Because the south-east trade-wind 
is broader than the north-east, the equatorial belt of calms lies 

to the north of the equator: in it these winds meet, and being 

highly elastic they ascend, till l^y the cold of the atmosphere they 
are condensed into fhe Cloud-rjng, a stratum of clouds which sur- 
rounds the earth and overhangs the belt of calms, but leaves the 

sky clear at the equator. New vapour is continually rising to the 

under surface of this cloud-ring, is condensed, and tails in* per- 
petual rain ; hut # itf parts with its latent heat in condensing,* which 
prevents the rains from becoming excessive ; "and the heat radiated, 
from sea and land also checks extreme condensation. 

The sun beats from morning to nigh* with all the intensity of 
tropical ardour on the upper surface of the ring^and when the 
quantity of caloric surpasses wliat the vapour can contain, a stratum 
of the cloud is changed into invisible vapour, and the rest rises jn 
the atmosphere and prevents the line of perpetual congelation from 
coming too near to the earth. Thus the vapour- is being continually 
rarefied on the upper surface of the cloud- ring, and perpetually con- 
densed on the under side, where the air is singularly cld&e apd oppres- 
sive. UndSr the ring it produces an unconquerable lassitude, only 
.# • 

1 Local circumstances have great influence, especially in the vicinity of moun- 
tains : probably the greatest average annual quantity on record is 302 inches, 
which falls on the western Ghauts, in 18° N. lat. At Guadaloupe it is 286 
inches. In the Silvas of the river Amazon and at Honduras it is said to be 
excessive. In England the average annual quantity is 32 inches ; fcearly half 
that quantity fell in the first six weeks of 1848, which is more than had 
occurred for '33 years, apcf probably withjjja century. — Greenwich Meteor. 
Register. 
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4* i MWe a fte* a thunderstorm. The emigrant ships from 
EtttOpe tp Australia have to cioss it, and axe often detained m it 
fpr aevdrtd weeks. Lieutenant Maury says, “ it is a frightful grave- 
yard op the wayside to that golden land.” 

It has been mentioned that the whole zone of trade-winds and 
Calms follow the sun in declination. Thus the equatorial belt of 
calms with its cloud-ring moves annually from the 5th parallel of 
south latitude to the 12th of north, and back again. In oountnes 
situate between jihe 5th and 10th parallels of south and noith 
latitude, there are two rainy seasons, and two dry : one, which lasts 
between thi$e and four months, occuis when the Bun passes the 
zenith m his way to the nearest tiopic, and the other at his letum ; 
but m the latter, which is not longer than six weeks or two months, # 
the rains are less violent. *With legard to the tropical belts of 
calms aqd rams, when the sun is north of the equator rams prevail 
in the calms of Cancer, and when he is south of that line under the 
calms of Capricorn , hence in all the latitudes over which these 
range, ope pcnod of the year is extiemtdy wet and the other 
extremely dry ; the change take** place at the equinoxes. At sea, 
within the limits of the trade-winds themselves, it seldom rams. 

Although the quantity ot water which falls between the tropics 
in a month is greater than that o£ a whole year m Europe, yet the 
number of rainy days increases with the latftjf do, so that there are 
fewest where the quantity of lain is the greatest. Neither docs it 
fall continually during the rainy season between the tiopics, for the 
sk^s genSally clear at suiuise, it becomes cloudy ahoq^ten in 
the miming, at noon the lain begins to fall, and, after powifig for 
four or five hours, the*clouds vanish at sunset, and not a d^p fails 
during the night, so that ^ day of uninterrupted rain is \ery iare. 1 . 

Professor Seichi observe as a remaikable coincidence, that the 
period from noon to four or five o’clock should be exactly the time 
when clouds are fonned at Home, And which conesponds with the 
minimum of the diurnal range of the baiometer both at Borne and 
between the tropics. 8 4 

1 At Demerara six inches have been known to fill m 12 hours. The quan- 
tity that falls m Italy is sometimes Aoiy gieat, at Home half the yearly 
average quantity fell in 1 5 liom s 

8 According to Profissor Secchi, the mean quantity of rai#which fell at 
Borne, deduced fiom 70 yeais* observations made at the Collegio Bomano, 
W«» as follows During the months of 

French I lues 

December, January, February 107*77 

Mai ch, April, May .. .. .. 80*39 

June, July, August .. 36*07 

September, October, hoiembei .. . 128 81 

Total JiAe Year .. .. 355 04 
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mountains Mug parallel or peipec^idu^r to the coarse of the pre- 
vailing winds. For instancy South 4tnd Central America run 
across the line of direction of thef trade-winds and calms, which 
coming loaded with vapour pour down torrents of rain on the exten- 
sive eastern plains to feed the rich vegetation and supply the tribu- 
taries of the Orinoco and Amazon with water, so that when they 
reach the Cordilleras of the Andes they have just moisture enough 
left, to whiten them With snow aud descend to the arid soils of 
Peru and New Mexice as dry and parching winds. The northern 
part of Chile is under the same influence during that season which 
is our winter; but when the sun goes north with his attendant 
trade-winds and calms, Chile is left to the extratropical north-west 
winds, which cooled by the temperature on the tops of its stupendous 
Andes deposit abundance of moisture. 

In Chile and the south-western part of^merica winter is the 
rainy season ; while on the eastern side of the Cordilleras, in the 
interior of the chain, the rains occur in summer. In J'ierra del 
Fuego and the extreme point of the continent the two climatolo- 
gical provinces meet, periodical precipitation disappearsfand it snows 
and rains throughout the year in torrents. At Cape Horn the quan- 
tity of rain which fell in 41 ^ays ’ measured nearly 154 inches. 
This excessive fall gpeurs alopg the whole western shores of Pata- 
gonia, from the strait of Magellan to Cape Tres Montes, a circum- 
stance owing to the high and rugged coasts, and the incessant jxtra- 
tropical north-west winds that traverse the Pacific logdedWrith 
vapour, and whicR is precipitated in the form of rain or snow by 
the cold on the tops of these high lands. 

The Monsoon region furnishes another instance of the effect of 
mountain chains upon the fall of rain> # Througlfbut the Whole of 
that region it is not thq sun directly, but the winds, that regulate 
the periodical jrains. That region extends from the eastern coasts 
of Africa and Madagascar across the Indian Ocean* to the northern 
districts of Australia, and from the tropic of Capricorn to the face 
of the Himalaya, the interior of China, and even to Corea, inclusive. 
In these countries the western coasts are watered during the south- 
west monsoon, whioh prevails from April to October; and the 
eastern coasts during the north-east monsoon, which blows from 
October to April. For example, the south-Vest wind condenses 
the vapour on the summit of the Ghauts, and violent rains fall 
daily on the coast of Malabar, while on the coast of Coromflgidel 
the sky is serene. Exaofcly the contrary takes place during the 
north-east monsoon ; it rains on the coast of Coromandel, while 
there is fair weathej'on the Malabar coast, and the table-land 
of tht Deccan partakes of both. In the southern hemisphere the 



312 


PHYSICAL GEOGRAPHY. 


Chap. XXII. 


rainy season corresponds with ttie south-west monsoon, and the dry 
with the south-eastern. 

Since heat is the cause of evaporation, rain is very unequally 
distributed, and with it decreases from the equator to the poles. 
From the island of Haiti in the Antilles, to Uleaborg in Finland, 
the annual quantity of rain that falls decreases from 130 inches 
to 13. It is, however, more abundant in the New World than in 
the Old ; 115 inches fall annually in tropical America, while in the 
Old World the annual fall is only 76 inches. So also in the 
temperate zone of the United States, the Annual quantity is 37 
inches, while* in the old continent it is hut 31} inches. 

The annual amount of rain at the equator is 95 inches, which 
falls in 78 or 80 days, giving an average of 1*14 inches daily; 
while at St. Petersburg the aunual fall is 17 inches, which falls 
in 169 days, which is little more than the tenth of an inch daily. 

The greatest quantity of rain falls on tlie slopes of the mountains, 
on which the trade- winds first strike after having blown across the 
greatest extend of ocean. The more abrupt the elevation, and the 
shorter the distance between the mountains and the sea, the greater 
the amount ^of precipitation. For instance, on tlie western Ghauts, 
the mean annual quantity is 302 inches. Put the fall of rain at 
Khascas, on the- face of the llin/Iilaya, is the-greatest on record. 
Mr. Yule established the fact, that 'In the month of August, 1841, 
there fell 264 incli^s? of rain, or 22 Jeet, of which 12 J feet fell 
in space of five consecutive days. This was confirmed by 
Drs. Hooker and Thomson, who measured 30 inches of rain in four 
hours, and above 500 inches in seven months. This terrific rain- 
fall is attributed to tlie abruptness of the mountains which face 
the B$y of Bengal, and tlj'e intervening flat swamps 200 miles in 
breadth. • . 

The extent of country on whiqfi rain seldom or never falls' 
amounts to five millions and a half of square miles. The most 
extensive rainless desert stretches from Marocco eastward through 
North Africa, Arabia, Persia, and the desert province of Mekran in 
Beloochistan, occupying a .space of 80 degrees of longitude and 17 
of latitude. * fhe Great Gobi on the table-land of Tibet, and part 
of Mongolia, form another rainless region in tlie great content; 
while in the New World the rainless districts are the tah$j||tod 
of Mexico, part of Guatemala, California, and the region that ext^Jds 
from the western declivity of the Andos in Peru to the shores of§fi| 
Pacific. It will easily he seen, hv reference to Mr. Keith JohnstolS 
Chart of Rains, that the prevailing winds are deprived of their 
vapour by condensation before arriving a v t these rainless deserts^ 
The Kalahari desert in South Africa, and • Australia, suffer froufc 
periodical droughts : nn the eastern coasts of Australia they recur < 
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in a penod of twelve years, and cftfcmue for tlnee. Ther Pampas 
ot South Amenca aie also subject to di oughts, though they arc not 
penodical, nor do they last more than a season. 

Between the tropics it lams raiely dui mg the night, and foi 
mouths together not a diop lalls, while m the temperate zone it 
often lams in the night, and ram tails at all seasons, though more 
abundantly in some than in otlicis. It seldom rams m summer 
tlnoughout the north ot Africa, Madeira, the southern paits of Spam 
and Poitug&l, Sicily, southern Italy , all Giecpo, and the north- 
western pait of Asia , but it lalls copiously timing the other seasons, 
especially duung the wmtci , consequently that extensive region is 
called the piovincc ot winter lams. 

• The province ot autumnal lams includes all Fuiope* south of the 
( irpatliian^, western Timcc, the delta ot the Rhine, noithcm # ajid 
western Scandinavia, and ’the Bntish isles , throughout these coun- 
tncs more lam tails in uitumn than in the otl m three seasons. 

r lhe pioamce ot summei lams computes the eastdn parts of 
Tiance, the Ncthci lands (with the exception of tlu^ delta ot the < 
Rhine), the noitli ot Switzul ind, all Gummy noitli of the Alps, 
the Carpathian mountains, Dtmnaih, southern Scandinavia, all 
central Euiope, and the eoimtnes be j oriel the JJial Mountains to the 
intci ioi ot Siberia, a^Jicie shown s«uo \ciy i ue in awntci In some^ 
pi ices it lams almost 'pcipchially, as m the island of Sitka, on the 
noith-castein coast ot Noith Amuica, win ic. the *j cai has some- 
times jassed with only 4() diys ot tail wcatliei. 

South Atnca apd Austiilu lesemblo each other in th^r Amy 
seasons, which m both countnes aie dm mg the wmtti months? 

The number of lamy el lys dcpench upon the direction of the wind. 
In Continental Europe, it the wind always blew from the north-east, 
it would seldom lain, beciusc it blows o^cr a gicat%3\tcftt of con- 
tinent ; wheieas it would nevei a \se laming wuo the wind always 
to blow fiom the south-west, because it would evci come loaded with 
■vapour fiom the Atlantic lienee the greatest quantify falls on the 
west coasts of Gieat Biitun and Ireland, the coast of Scandinavia, 
the Eastern Alps, and the centre of Portugal ; m the two last it 
depends partly on the height and foim of th^mountams. *In western 
Europe it rains on tynce as many days as m the eastern pait . in 
Ireland there are tlnee times as many rainy days as m Italy or Sp^in. 
In fact, on the western side of Ireland it lams on* 208 days out of the 
365 ; in the Hebudea and west parts of Scotland perhaps still moie. 
In England, France, and the noith of Germany, there are from 152 
to 165 lamy days m the year , the number decrc^sek towards the 
interior of the continent, so that m Sibena it only rams on 60 dajs 
in the year. Occasionfjly it rams over a wide extent of country 
at the same time ; on the 2nd of February, 1842, it rained m North 

P 
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America over 1400 miles m ld^th, but the breadth to which it ex- 
tended was not ,ascei tamed. Bam sometimes falls Without visible 
clouds, from a partial condensation of vapour ; Sir James C. Boss 
mentions a smait shower with a cloudless sky in the South Atlantic 
on the 20th Decembu, 1839 : it continued for an hour. 

When Ihe temperatuie of the an is near the fieezmg point or below 
it, snow falls instead of ram , but the colder the air the less moisture 
does it contain, consequently the less snow falls, which is the reason 
of the compaiatively small quantity on the high plains of libet and 
of the Andes. Snow sometimes assumes the foim of grains , but 
is generally fci regulai ciystals of great beaut}, \arymg m form ac- 
coidmg to the dtgicc of cold 5 lie late Di Scoiesby, whose voyages 
in the Polai Seas aftoided him "constant oppoi tumtics of studying* 
tha*^, mentions fi\ e principal kinds of snow crystals, each of which 
had many vaneties, in all amounting to % M. Kamtz, howevei, 
is of opinion that theee aic seveial bundled r Ilie whiteness of the 
snow as owing to tlir lcflection of li^lit fiom the minute faces of 
i its ciystals, vjiicli aie like so linny small minors 

Snow mver fills between the tiopics except on the tops of \ciy 
. high mountains 1 he mean elevation of the line of peipetual snow 
above the level of the sea m these hot ie„ions is about 15,207 feet, 
fiom whence ltikcuases on both s les, and at Ust gia/es the surlace 
of the eaith at the arctic and antarctic elicits, subject, howevei, to 
various flexiues 4 In. the Andes, near Quito, the lowest level has an 
elevation of 15,795 feet, which is liighci than the top of Mont Blanc ; 
fioufthc^co it \ancs ver> uie^ihily both to tlu„iioith and south. 
In 18° of N. lat it descend* t8 14,772 feet on the mountains of 
Mexico, while on the south it uses to 18,000 feet m some parts of 
the western Coulillera of the Bolivian Andes, owing to the extensive 
radiation ^and the ascending curients of heated an fiom the sub- 
jacent plains and valleys. 'lhe line is at an altitude ot 17,000 feet 
on the western Cordilleia, whence it sinks to 13,800 leet at Copiapo, 
to 12,780 neai Yalpaiaiso , it is onl}r 7960 in the southern pro- 
longation of the Chilian Andes, on the volcano of Antuco, lat. 37° 40, 
and 8390 m the Stiait ot Magellan. In lat 31° N the snow-lme 
is At an elevation of 12,980 leet on the southeih side of the Himalaya, 
and at 16,620° leet on the noithcin side, while Qaptam Gciaid gives 
frnq) 18,000 to 19^000 as its altitude on the mountains of the 
Tibetian table-land noith of the uppei valle}s ol the Indus and 
Sutlej. On Mont Blanc the line is at the height .of 8500 feet, so 
that mountain is snow-clad for 7000 feet l>elow its summit In 
the Pyrenees il is at 8184 feet, and at the island of Mageroe, on the 
coast of Norway, it is at 2160 feet above tl^p Polar Ocean. 

In the southern hemispheie snow never fells on the low lands at 
the level of the sea north ot the 48th parallel of latitude, on account 



Chap. XXII. 


SNOW— HAIL. 


315 

of the predominance of water, wheiSas in the northern hemisphere it* 
falls on the plains in much lower latitudes, on account of the excess 
of land ; hut its limit is a curved line, 'on account- of the alternations 
of land and water. In the western part of the great continent the 
southern limit of the fall of snow on the low lands nearly coincides 
with the 30th parallel of north latitude, so that it includes all 
Europe. In the American continent it follows nearly the same lino, 
extending through the southern parts of the United States. In China 
snow fyjls at the level of the* sea as far south as Canton ; on the 
north-western coast of America, on the contrary, it does not fail at 
that level till about the 4^th degree of N. lat. — theSfc are the two 
extremes. Although Europe lies within the region of snow, the 
quantity that falls is very different in different places, increasing 
greatly from south to north. On*an average it snows only one day 
and a half at Home in the year, while at Petersburg there are 171 
snowy days ; hut in that city the quantity of rain is to that' of 
melted snow as 1000 to 384. Snow, by piotccting the ground from 
cold winds, as well as by its slow conducting powgr and by pre- 
venting radiation, maintains the earth at a higher temperature than 
it otherwise would have. In Siberia, the difference •between the 
temperature of the ground beneath the snow and that of the air 
above it lias amounted to 38° Fahrenheit. . 

Sleet, which is formed of small pni tides of rounded hail mixed 
with rain, falls in squally w eather in spring anti autumn. True 
hail, when large, is pear-shaped, and consists of a nucleus of frozen 
snow coated witl^ ice, and sometimes with alternate lay cm of* snow 
and ice. Hailstones have often fallen as large as liens’, er even 
goose’ S' eggs. The masses and blocks of ice "of great size, which 
have not unfrequenfly fallen, affyear tf> have been formed by the*# 
agglomeration of hailstones of large si^ .frozen tSgether ; one the 
size of a millstone fell near Seringa} at am, which it required three 
days to melt. It appears to he foimed in the high cold regions 
of the atmosphere by the ^sudden condensation of* vapour during 
the contention of opposing winds, and is intimately connected with ‘ 
electricity, since its fall is generally, accompanied with thunder 1 
and lightning. Ilail-sliowcrs aro # of short duration,* exceedingly 
partial, and extend over a country in long narrow hands : one which 
took place on the 13th of July, 1788, began in the 'morning in the 
south bf France and reached Holland in a few hours, ravaging a 
narrow line of country in its passage. On the 31st September, 1856, 
a stiip of country near Florence was ruined during a violent thunder- 
storm by hailstones weighing 12 and 14 ounces. 

Local circumstances, ijo doubt, have a great influence on the forma- 1 
tion of hail : it occurs, more frequently in countries at a littld dis- 
tance from mountains than in those close to them or farther off, and ' 
• • P 2 
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*at all hours, but most frequentl/at the hottest time of the day, and 
rarely in the night. In the interior of Europe one-half of the hail- 
storms take place in summer. Hail is rare on the tropical plains, 
and often altogether unknown, though it frequently falls at heights 
of 1700 or 1800 feet above them, and at still greater elevations, — in 
the Bolivian Andes, for example, above 12,000, and on the table- 
land of Ethiopia at heights between 6000 and 10,000 feet. The 
same has been* observed in India, vwbere hailstorms occur in the 
lower regions of the Himalaya ana in the Neilgherries at eleva- 
tions of 3000 and 6000 feet. 1 If the air is very cold throughout 
the greater pact of the stratum through which hail falls it is pro- 
bably increased in size during its descent; and, on the contrary, 
large drops of rain which precede a thunder-storm are supposed 
to be hail melted in its passage through low warm air. Thus 
the thin impalpable air is the storehouse of yapours, and clouds, and 
storms, breathing softly over sea and land and watering the earth 
with gentle showers at one time, and at another rushing with the fury 
of the hurricane, or heaving along the dark cloud with the thunder- 
bolt, the hail, and the torrent. It carries warmth to melt the winter 
snow, and ccld to temper the summer heat; viewless as it*is it 
contains the solid matter which feeds’ vegetation, from the impene- 
trable forest of the equator to thojichen which^ so scantily covers 
the polar rocks, and on it every cre^ure that exists on the land or 
in the waters dependsjor life, and heat, and nourishment. 

t 1 c 

• LICj^T. 

We know nothing, of the size of the ultimate particles of matter, 
m except that they must be inconceivably small, since organized beings 
possessing life aud exercisii^ all its functions have been discovered 
so minute that a million of them would occupy less space than a 
grain of sand. * <* 

The air is only visible when in mass ; the smallest globule of 
steam tells no more of its atoms than the immensity of the ocean ; 
the minutest grain of sand magnified appears like the fragment of a 
rock — no mechanical division can arrive at the indivisible. Although 
the ultimate atoms are beyond fhe power of vision, chemical com- 
pounds show that the divisibility of matter has a limit, and that the 
particles have different densities ; moreover the cleavage of crystalline 
substances affords reason to believe that they have different forms. 1 

1 Buist on Hailstorms in India, in * Transactions of Bombay Geographical 
Society/ vol. xii. 

* TTie reader is referred to the 1 Connexion of the Physical Sciences' for an 
accoufit of Dalton’s theory of definite proportions, E^d the relative weight of 
atoms ; and to Dr, Daubeny’s recently published work on the Atomic Theory* 



Chap. XXII. 


LIGHT. 


317 

Thus the reasoning power of man has come to the aid of his imperfect 
sense of vision, so that what were before imaginary things are now ’ 
real beings with definite weights, and united by fixed laws* Though 
nothing had been known of their size, their effects were evident in 
the perceptions Of sweet and sour, 'salt and bitter, and in the endless 
varieties of aroma in the food we eat and the liquors we drink. 
Moeeover, their different densities are evident, as they arise by their 
buoyancy in # the perfume of the rose, or sink by their weight in the 
heavy odoift of the mignonette.- Every substance on earth is merely 
a temporary compound of the ultimate atoms, sooner Qr later to be 
resolved into its pristine elements, Which are again to be combined 
in other forms, and according to other laws ; so that lilerally there is 
nothing new under tlic sun,* for there is no evidence of new matter 
being added to the earth, nor of that which exists being annihilated. 
Fire, which seems utterly to destroy, only resolves bodies into their 
elementary parts, to become what they were before, the support of 
animal or vegetable life, or to form new miijgral compounds. It is 
to the action of these particles on the light of the sun that nature 
owes all its colours. * . 

When a sunbeam passes through a glass prism, 1 an oblong image 
of the sun is formed, consisting of colours in the following order : red, 
orange, yellow, green, blue, indigo, and violet. Sir John Herschel 
discovered lavender^rays beyond flie violet, an 3 dark red rays exterior 
to the red, which are not so easily brought into evidence as the rest. 

Even the most transparent substances absorb light ; air, water, the 
purest crystal, stop some of the rays as they paSs through them. A 
portion of the li^ht is also reflected from the surface of hudies ; 
were it otherwise, they would he invisible. We should be unconscious 
of the presence and form of material substances beyond our reach 
except by the reflected rays, — 

“ The mist of light from whence they'take their form 
Hides what they are.”* 

As the same light does not come to all eyes, each person sees his * 
own rainbow, the same flower by different rays. White sub- 
s^nces reflect all *the light, black substances absorb all but that whioh 
renders them visible, while coloured bodies decompose tjie ligh£ absorff 
some of the colours, and reflect or transmit the rest. Thus a violet 
absorbs all but the violet rays, which it reflects ; a red flower only 
reflects the red and absorbs the rest ; a yellow substance absorbs all 
but the yellow. In the* same manner transparent substances, whether 

1 The reader is referred to the*L8th section of the * Physical Sciences* for 
reflation, refraction, and absorption of light, fend to the 10th section for the 
constitution of the solar Jignt and colours. 
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co16uts and transmit others : thus an 
t h%scf)ftw^ but the green, a ruby all but the red ; whereas a 
ddoe8 not decompose the light, hut transmits every ray alike, 
few, however, 8f the colours, whether transmitted or reflected, 
ftt^'pure, but the substance takes its hue from the colour that pre- 
dominates. 


The atmosphere, where rarefied, absorbs all the coleurs of the sun’s 
light except the blue, which is its true colour* In countries where the 
air is pure, the azure of the sky is deep » it is still more so afferent eleva- 
tions, where the {tensity of the air is less ; and its colour is most beau- 
tiful as it gradually softens the outlines of the mountains into extreme 
distance, or btends the sea with the sky. When the sun is near the 
horizon, the atmosphere, on account of its superior density, absorbs 
the violet and blue, and leaves the yellow and red rays in excess ; 
that property, together with the refractive power of the aqueous 
vapour, which is most abundant near the earth’s surface^ gives the 
roseate hue to the early,morning, and the gold and scarlet tints to the 
closing day. The bier ding of these colours with the blue abo\e pro- 
duces that beautiful vivid gicen so frequently seen in Italy and other 
warm countries. The last leflected rays of the setting sun are red, 
which gives 9 > rose-coloured tint to the Alpine snows, and below tho 
red the shadow of the earth is sometimes cast upon the atmosphere in 
the form of a deep bid! segment, Kjaown as the jute- twilight. The 
air reflects and scatters part of the .white solar beams, whence the 
brightness and cheerfulness of day ; were it not ‘for that reflective 
power, the sun and fnoon would be like sharply defined balls of fire 
in tho profoundly black vault of the heavens, and dark night would 
instantly follow sunset. When the sun is 18 degrees below the 
horizon, the air, at the height of 30 miles, is still dense enough to 
reflect his rays, and divide the day from the night by the sober shades 
of JwiKfeht. Between the topics twilight continues from the setting- 
of the spn till he is If) degrees below the horizon, in middle latitudes 
until hi is 18 degrees, and in the poM regions until he is 20 degrees ; 
then and then only does real night begin : at Edinburgh there is no 
real night from the 6th of May until tl'e 7th of August, in London 
there Is none from the 21st of May till the 22nd of J[uly, and in Paris 
there iseno true night in the month of June. 

A considerate portion of the sun’s fight is absorbed by tho atmos- 
phere : the loss increases with the obliquity of incidence and the den- 
sity of the air. It is diminished 1300 rimes by the thickness of the 
air at the horizon, which enables us to look at the sun when setting 
without being dazzled. 1 


1 The photometer is an inbtrafnent invented by $e late Sir John Leslie for 
measuring the relative intensity of light and its variations, upon the principle 
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The bending or refraction of the sun’s light passing through the 
atmosphere causes distant objects, as mountains, to appear higher 
than they are. It increases with the density of the air and the obli- 
quity of incidence, and on that account the sun is seen above the 
horizon after he is really below it, or has set, and above it before 
he has really ftpen. During the winter of 1820, which the expedi- 
tiogjmder Sir Edward Parry passed at Melville Island, in 74° 47 
iClat., the sun did not rise for 92 days ; but in consequence of 
extraordinary refraction lie appeared above the horizon on the 3rd 
of February, which was three days sooner than he ought to have 
done, unaided by refraction. Berentz is said t'o have seen the stm 
at Novia Zemlia on the 20th # of January, 1597, fifteen days before 
he was expected to apj>ear. * 

The sun and moon often appear distorted at tlieir rising and setting, 
because the looming, or extraordinary refraction, is greatest in »the 
morning or evening, from the increased density pf the air at the surface 
of the earth by reason of the*cold. The distortion of objects is occa- 
sioned by the rays of light passing through strata of air of different 
densities ; from this cause objects are sometimes seen inverted, and 
* three images of the same object occasionally appear, *two direct and 
one inverted. 

Mirage, or the delusive appearance of water, so frequent in deserts, 
is owing to the reflection of light j^tween two Strata of air of different 
densities, occasioned by the radiation of heat from the arid soil. It is 
very* common on the extensive plains in Asia and Africa, and especi- 
ally in Upper Egypt; villages on small emineifcea* above the plain 
appear as if they were built on islands in the middle of a lgke.when 
the dry sandy groflnd is heated by *the mid-day sun. Honjetimes 
objects appear double, and occasionally several Jmages appear above 
6ne another, some direct and some inverted ; this is particularly the 
case in high latitudes, where the Icy Spa cools tb* stratum^ of air 
resting on it. 1 

In the polar Regions, or on the tops of mountains, when® the sun 

is on or near the horizon the sliadow of a person is somqjimes 

• 

that the heat contained in solar light is a measure of the intensity of light ; 
Sir John computed that one-foui th of the light of the 'sun is absorbed by the 
atmosphere, and, with regaid to obliquity of incidence, that, out of 1000 rays 
which fall obliquely on the eaith, only 378 leach it at the equator, 288 in the 
latitude of 45°, and 110 at the poles; in England the light measured by the 
photometer is 65° greater in intensity in summer than in winter. 

* Professor Secchi says that Leslie’s photometer is now acknowledged to be a 
simple thermometer : as light can be said to be efficient on earth as accompanied 
by neat and chemical action, so the measures by the photometer of Leslie, or 
actinometer, are very useful, but they should be accompanied also by a study 
and researches on chemical §ction, which until now have been quite omitted. 

1 For the cause of mirage, see the ‘^Connexion of the Physical Sciences.* 
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thrown, on an opposite cloud or mist, the head being surrounded by 
concentric coloured rings or circles, the number varying from one to 
five. Dr. Scoresby saw four of these rings, on one occSfeion, round ' 
the shadow of his head, as he stood between the sun and a thick 
low fog : the first ring consisted of concentric bands of white, yellow, 
red,' and purple; the second consisted of bands # blue, gfeen, 
yellow, red, and purple ; the third of green, white, yellowish w^^e, 
red, and purple ; and in the fourth the bands were greenish white, 
deeper on the edges. .Mr. Green, at the height of two miles, saw 
the shadow of his balloon, surrounded by three coloured rings, on 
a*cloud below. These appearances, called glories , or fog-images, and 
the coronae or small concentric coloui^d circles which surround the 
sun or moon when partly obscured by thin white clouds, are owing 
to the refraction of the light in the aqueous particles of the cloud or , 
fogs The colours in the concentric bands of the coronse, however, 
differ from the foregoing; that nearest the sun is of deep blue, white, 
and red ; tlie circle exterior to that consists of purple, blue, green, 
pale yellow, and red ; but the series is very rarely complete. 

Halos, r whicli surround the sun in large circles, or a complicated 
combination of circles, are, on the contrary, supposed to be produced 
by the light falling on minute crystals of ice suspended in the 
atmosphere ; they are particularly brilliant and frequent in high 
latitudes. It is scarcely possible to give an id$a of these beautiful 
and singular objects. Sometimes a r largc coloured circle surrounds 
the sun or passes through his centre, which is occasionally touched 
or cut by segments of others. One sfeen at St. Petersburg on the 
29tk.,o£^Tune, 1790, consisted of four coloured circles of different 
sizes intersecting each other, which were either cut or touched by 
segments of eight others, and at the points of intersection mock suns 
or parhelia appeared. Th* sky is very hazy on these occasions. 
MockVmns, without circ|eSiand halos, arc by no means uncommon, 
and halos are often seen round both sun and moon, but seldom of 
that complicated kind. They are sftuate between the observer and 
the sun, whereas the rainbow is always in that part of the sky 
opposite the sun, because it is produced by refraction and reflection 
of the sun’s rays in the drops of rain ; and when the light is intense 
, and the rain abundant, there are two concentric hows, the prismatic 
colours of the Innermost of which are the most vivid, the violet being 
within and the red outside : sometimes the inner edge exhibits a 
repetition of colours in fine fringes, in which red and green pre- 
dominate. The colours are reversed in the exterior how, the violet 
being outside and the red on the inner edge. Besides these two prin- 
cipal and most common hows, supernumerary rainbows occasionally 
appear within the interior bow, generally green and violet, though 
there are sometimes more or leSs perfect s repetitions of all the* 
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co1out|.* Tfee VisiWe extent of the bow depends upon the altitude of 
the sun ^d the positioiLof the spectator. As a line joining the centres 
of^the sun and bow must pass through the eye of the spectator, the 
.altitude of the sun must be less tKan 45°, and only a portion of the 
bow can be s$en from a plain ; but the complete circle may be visible 
to a person on the top of a high mountain when the sun is low, 
“Except the small portion intercepted by his shadow. In squally 
weather a rainbow is sometimes seen on a blue sky when rain is 
falling, but it is generally on clouds ; it is constantly seen when the 
sun shines on the fine drops of fountains and* cascades, and on the 
grass in a dewy morning. . As the light of the moon is feeble, lunar 
rainbows are Tare, and, for the most part, colourless.* In the early 
morning when the sun throws his slanting beams across the fields, a 
miniature bow, with all its vivid colours, may be seen in eachdewdrop 
as it hangs on the points of the bending grass. w 

Light is said to be polarized when, after having been trace refracted 
or reflected, it is rendered incapable of beiffg again refracted or re- 
flected at certain angles. For example, if a crystal of brown tourma- 
line be cut longitudinally into thin slices, and polished, tHe light of a 
candle may be sden through a slice as if it were glass. But if one 
of these slices be held perpendicularly between the eye and the 
candle, and a second slice be turned round between the eye and the 
other plate of tourmaline, the Tmage of the candle will vanish and 
come into view at every quarter-revolution of the plate, varying 
through all degrees of brightness down to total* or ^almost total evan- 
escence, and then increasing again by the same degrees as it had 
decreased. ThTisk the light, in passing through the fMTplate of 
tourmaline, is said to be polarized because it # has been rendered in- 
capable of passing through the second piece in certain positions. 

A ray of light acquires the same property if it* be reflected from 
a pane of plate glass at an angle of 5?° ; it is by that rendered* 
incapable of being reflected by another pane of plate glass in certain 
definite positions, for the image of the light vanishes and reappears 
alternately at every quarter-rovolution of the second pane. 

if a thin plate of mica be interposed when the image of the candle 
has vanished, the darkness will instantly disappear, and a succession 
, of the most gorgeous colours will come into view, varying with every 
inclination of the mica from the richest reds to the most vivid greens, 
blues, and purples. The most splendid colours arranged in symme- 
trical forms are exhibited by thin plates of an infinite variety of 

1 In the primary bow the light is twice refracted and once reflected in the 
tain-drops, while in the -external bow it is twice refracted and twice reflected ; 
and es light ict lost at each refraction and reflection, the interior bow is the 
brightest. Sir David Br/wster has found that the light of the rainbow is 
polarized. 

73 
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substances besides mica. They display some of the most beautiful 
objects in nature, and show differences otherwise inapplicable in 
the arrangement of the molecules of crystalline bodies. 1 

Arago discovered that the light of the sun is polarized by the, 
reflection of the atmosphere, but not equally so on every part of the 
sky ; the polarization is least in the vicinity of the sun, and greatest 
at 90° from him, for there his light is reflected at an angle of £5^ 
whioh is the polarizing angle for air. 2 There are three points in the 
aky where the light is not polarized : one of these neutral points, dis- 
covered by M. Arago, is 18° 03' above the point diametrically 
opposite to the sun when he is in the horizon ; the second neutral 
point, discovered by M. Babinet, is 18° 30' above the sun when he 
i$ rising or setting ; and the third, discovered by Sir David Brewster, 
is 15° or 16° below the sun. These points vary with the height of 
the sun, and the two latter rise and coincide in his centre when he is 
in the zenith. 3 

Now the portion of ptlarized light sent to the eye from any part 
of a clear sky is in a plane passing through that point, the eye of the 
observer, afod the centre of the sun. If that point be the north pole 
of the heavens, it is clear that, as the sun moves in his diurnal course, 
the plane wiirmove with him, as an hour circle, and may be used as 
a dial to determine the hour of the day. Professor Wheatstone, by 
whom that beautiful application of tile polarization of the atmos- 
phere has been made, has constructed* a clock, of very simple form, 
which shows the fcinje of day with grept accuracy, and which has 
many Advantages over a sundial. 

ELECTRICITY. 

Electricity peryades the jarth, the air, and all substances, with- 
out giving any r visible sigh of its existence when in a latent 
state, but, when elicited, it exhibitsi forces, capable of producing 
the most suddep, violent, and irresistible effects. It is roused 
from its dormant state by every disturbance in the chemical, 
mechanical, or calorific condition of matter, and then experience 
shows that bodies in one electric state repel, and in another they 
attract each oth^r ; in the first case they are said to be positively, 
in the latter negatively electric. 4 When they have different 

1 For phenomena and theory of polarized light, see section 21, 4 Connexion 
of Ahe Physical Sciences.* 

2 Every substance, whether solid" or fluid, has its own polarizing angle. 

• The reader is referred to a plate in Johnstons folio Physical Atlas 
shpwing the phenomena of the polarization of the atmosphere. 

See sections 28 and 29 of the ‘ Connexion of &e Physical Sciences:’ on 4 
Electricity. 
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kinds ofc electricity they attract each other, and, when not opposed, 
the electricity coalesces with great rapidity, producing the flash, 
explosion, arid shock, and that with Jthe more violence the greater 
the tension or pressure of the electricity dh the surrounding air 
which resists its escape. * Equilibrium is then restored, and the 
electricity remains latent till called forth by a new exciting cause. 

electrical state of substances is easily disturbed, for, without 
contact, positive electricity tends to produce negative electricity in 
a body near it, and vice versa : the latter is then said to be electric 
by induction. 

The electricity of the atmosphere arises from evaporation, conden- 
sation, and the chemical changes that are in perpetual progress on the 
earth’s surface; no electricity, however, is developed by the evaporation 
of pure water, but \t arises abundantly from water containing matter 
susceptible of chemical action during the evaporation ; consequently 
the ocean is one of the greatest sources of atmospheric electricity: com* 
bustion is another ; and a large portion arises fejm vegetation. The air, 
when pure, is almost always positively electric ; but as*the chemical 
changes on the earth sometimes produce positive and sometimes ne- 
gative electricity, it is subject to great local variations ; a passing 
cloud or a puff of wind produces a change, and a distant storm 
renders it negative for the time, but the earth is always in a negative 
state. The quantity of electridtty varies with the hours of the day 
and the seasons ; it is more pftwerful in the day than in the night, 
in winter than in summer, syid it diminishes firqm'the equator to the 
poles. It thunders daily in many places, in others never, as on the 
east coast of Pewiimd in the Aictic regions, except whefo-uSIfcre are 
violent volcanic explosions, which always generate electricity, as in 
Iceland. Wherever there are no trees or higfi objects to conduct it 
to the ground, the quantity of posit ive*electncity mcrenses yith the 
height above the surface of the earth. Violent thimder-stprms take 
place on the highest summits gf the Andes and Himalaya fountains. 
On the high table-land of Ethiopia they are violent, and so frequent, 
that M. d’Ahbadie calculates it thunders fifty-six days out of every 
hundred. In general thunder-clouds in our latitudes float at the 
height of from 3000 to 5000 feet above the earth. 

Electricity becomes very strong when dew is d^phsited, and in 
some cases it is strongly developed in fogs. Mr. Gross found it so 
powerful on one occasion, that it was dangerous to approach the ap- 
paratus for measuring its intensity. A continued succession of 
explosions lasted nearly five hours, and the stream of fire between 
the receiving ball and the atmospheric conductor was too vivid to 
look at. M. Peltier has found that the common fogs arising from 
the mere condensation ef the moisture in the air are neutral, but that 
others which are prgduced by exhalations from the earth are some* 
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native ; the sutyeot, however, .requires 

... ^ . - * 

^;Lpo^gn in ioug-pontinued mild rains there are no traces of elec- 
Jfilfc?* yet jyhea rain ‘or snow falls from the higher regions of the 
f&d^phere it is more or less developed, ‘sometimes positive, some* 
times negatiye, depending a good deal on the direction of the wind, 
pitting a drifting foil of snow Mr. Crops collected electricity enoflgh 
to decompose water. The atmosphere being positively electrio, ne- 
gative rain is supposed to arise ‘from the evaporation of the drops in 
passing through dry .air ; the vapour carries off the positive elec- 
tricity and leaves the drop in a negative state — a circumstance which 
seems to be cdhfirmed by the electricity of cascades, near which there 
always is more or less negative electricity ; the positive flows into the 
earth, while the other remains united to the drops of the cascade. 

The inductive action of the earth upon the clouds, and. of the 
different strata of clouds on each other, produces great variations in 
their electrical state, rain falls from the lowermost of two strata 
of positively eledtrical clouds, the inductive action of the earth renders 
the under Jturfeoe positive and the upper negativo, and the rain is 
positive. By-and-bye the under smface of the cloud and the earth 
become neutr&l ; and after a time the lower cloud becomes charged 
with negative, electricity by the induction of the upper strata, and 
the rain is then ‘negatively electrfc. Clouds aje very differently 
charged ; grey clouds have negative— red, white, and orange clouds 
positive electricity ; .and when clouds differently charged meet, an 
explosion takes place. When the sky is clear and the air calm and 
warm^Wtttcession of small white fleeey clouds ririfig rapidly above 
the horfzon and flying swiftly in the very high regions of the atmos- 
phere, is a certain presage of a thunder-storm. 

Electricity of ^each kind^ls probably elicited by the friction of 
currents <tf air, or masses cf clouds moving rapidly in different direc- 
tions, as irf thunder-storms, when smg.ll white clouds are seen flying 
rapidly over the black mass ; yet the quick and irregular motion 
of clouds in storms is probably owing to .the strong electrical attrac- 
tion and repulsion amCmg themselves, though both may be concerned 
in these hostile encounters. When two clouds differently charged by 
the sudden cohc|.ensation of vapour, and driven by contending winds, 
approach within a certain distance, the thickness of the coating of 
electricity increases on the two adjacent sides, and when the accumu- 
lation becomes so great as to overcome the coercive pressure of the 
atmosphere between them, a discharge takes place which occasions a 
Ipph of lightning. The actual quantity of electricity in any part of 
a clon£*i* very small. The intensity of the flash depends upon the 
extent pf jiirface occupied by the electricity? which acqjpres its in- 
tensity^ it* instantaneous condensation. 
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The air, being' £* Q<Wo0fcductor^ does not convey the eleetridtyfaftn 
the clouds to the earth, but the latter acquires from them an opposite 
electricity, and when tne tension is v$ry great the force of the elec- 
tricity becomes irresistible,, and an interchange takes place between 
the clouds and the earth, but the motion of the lightning is so rapid, 
that it is difficult to ascertain when it goes from the clouds to the 
/eSFth, or from the earth to the clouds, though there is no doubt it 
does both : explosions have burst from the ground, and people have 
been killed by them. 

When the quantity of electricity developed* by thq sudden con- 
densation of vapour is yery great, the lightning is always forked ; its 
zigzag form is occasioned by the unequal conducting power of the 
air, by which it is sometimes divided into several branches. The 
author once saw a flash divided into four parallel streams — a very 
uncommon occurrence. Occasionally in very great storms the light- 
ning sends off lateral branches. It often appears as a globe of fire 
moving so slowly that it is visible for several f&conds, while the flashes 
of forked lightning do not last the millionth part of a second, but the 
impression on the eye lasts much longer. Professor Wheatstone, 
who has measured the velocity of lightning by experiments of great 
ingenuity, found that it far surpasses the velocity of liglit, and would 
encircle the globe in. the twinkling of an eye. This inconceivable 
velocity is beautifully exemplified in the electric telegraph, by. which 
the most violent and terrific agjfent in nature is rendered obedient to 
man, and conveys his thoughts as rapidly as they" are formed. The 
colour of lightning is geneialty a dazzling white or blue, though in 
highly rarefied afr.it is rose-cfclour or violet. 

When the air is highly rarefied b*y heat its coercive power is 
diminished, so that the electricity escapes from the clouds in the form 
of diffuse lambent sheets, without thunder or rain, £equently*seen in 
tho warm summer evenings, sometimes near the zenith, and quite 
different from that sheet lightping at the horizon, which in general 
is only the reflection of the foiked lightning of a distant storm. The 
author saw a very remaikafele instance of that glow-discharge from a 
terrace at a considerable height above Turin. Vineyards descended 
rapidly to the plain on one side, and a crescent of hills rose on the 
other. It had thundered off and on the whole day ^in the evening 
the heat was great and the darkness intense, but brilliant flashel of 
lightning momentarily illuminated the valleys of the Po and Dora, 
and the magnificent chain of Alps that bounds them. By degrees the 
lighting became less frequent, and at last ceased. The air was 
perfectly still, and the darknedS extreme, when a silvery blue light 
appeared in the Val de Susa as if the moon had been rising ; it spread 
over a gres^tepg|| of, the 'Alps, along the tops of the crescent of hills 
behind theTeiH^&d then a large column of it rose from the vine* 
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immediately lselaw, and dose to the terrace, which made the 
lurrounding objects visible. There was no noise ; and in ten minutes 
vanished* but in about a quarter of an hofir the phenomenon was 
repeated exactly in the same manner, lasted about the same time, and 
was followed by a torrent of rain. 

Another instance occurred in England. There were no clouds on 
tiie. sky except one in the zenith, over which diffuse sheets of lamKhit 
lightning played for more than an hour without thunder ; the cloud 
did not appear to be so high but that thunder might have been heard 
had there been any. • * 

The sudden compression of the air during Jhe passage of lightning 
must convert % great quantity of latent into sensible heat, for heat in* 
a latent or insensible state exists in all bodies independent of their 
temperature. Heat is absorbed and becomes insensible to thether^ 
mometer when solids become liquids, and 'when liquids are changed 
to vapour ; and it again becomes sensible when vapour is condensed, 
and when liquids becrinc solid. When water freezes, all the heat 
that kept it liquid is given out ; and when ice melts, it absorbs heat 
from everything near it. The air is full of heat in a latent state, 
whatever its temperature may be, but it can 1 be squeezed out by 
sudden compression so as to kindle tinder. Every aerial wave, every, 
sound, every word spoken must set free an infinitesimal quantity of 
heat ; so everything that tends to* rarefy, the afr must cause it to 
absorb a proportional quantity. • y* 

The rolling noise* <of thunder is prqjbably owing to the difference 
between the velocity of lightning and that of sound; • Thunder may 
he regkltteti: as originating in every print of e flask of lightning at 
the same instant ; and as sound takes a considerable time to travel, 
it will arrive first from the nearest print ; and if the flash run in 
a direct line froip a person, the. noise wifi come later and lateT from 
the remote points of its 11 path, in a continued roar. Should the 
direction of the flash be inclined, thg succession of sounds will be 
more rapid and, intense ; and if the lightning describe a circular 
course above a person, the sound will* arrive at the same instant 
from every point with a stunning crash. 1 

*In passing to the earth, lightning follows the best conductors- — 
metals by preference, then damp substances — which is the reason 
• * 

1 Sound travels at the rate of 1120 feet in a second in air at thfe temperature 
of 62° of Fahrenheit; so if that number be multiplied by the number 6f seconds 
elapsed between the flash of lightning and the thunder, the result will.be the 
distance in feet at which the stroke took place. A relative of the autjp»r*s was 
fishing in the Tweed on a very sultry dayf and lay down on the grass to rest : 
he was astonished to hear repeated peals of thunder, as there was not a doud 
to be seen in the sky ; two hours afterwards clouds began to ris$* and in the 
afternoon there was a thunder-storm ; the* sound &d been con^ped down the 
fiver by the stream. 
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why men and animals are so often struck. If it meets with a had 
conductor it shivers it topieces* and scatters the fragments to a consi- 
derable distance. A powful flash scatters gunpowder, while a feeble 
one ignites it ; the hardest trees are split and tom to shAds ; when a 
tree is struck, the heat of the flash converts the sap into steam, the 
expansive force of which shivers the tree. The surface of licks is 
petrified by it ; and when it falls on a sandy soil, its course under- 
ground is marked vitrifying the sandy particles, and forming of them 
tubes many feet long. * • 

Where the trade-winds blow, thunder-storms are hardly known, 
though electric discharges are frequent at their limits. At the 
change of the monsoons masses of black clouds roll ovef the sky, the 
darkness is reflected from a calm sea, dead stillness and silence pre- 
vail till the “ thunder utters his voice,” and the war of the elements 
begins — terrible on Jand, but terrific in a ship far at sea. 

In Greece and Itqly there are about 40 thunder-storms annually, 
which occur in spring and* autumn, while irttrth of the Alps they 
chiefly takfe place in summer. There are about 24 in the year on 
the coasts of the Atlantic- and in Germany, but they *tre mtich more 
frequent among mountains than on plains. In the interior of the 
old continent they rarely occur in winter, and three-fourths of the 
number happen in # summer. They are of such rare occurrence in 
high latitudes, that* in a residence # of six years in Greenland, Geiseke 
only heard it thunder once. 

Some storms arise from thq contention of opposite currents in the 
air ; others are occasioned by currents of warm air ascending from 
the earth, which ara suddenly condensed as they enter th<? upper re- 
gions of the atmosphere, and, as this sometimes happens at the nottest 
hour ( of the day, these storms are periodical for jnany successive days, 
recurring always at the same hour. Sometimes thgy c\tcnd«pver a 
great expanse of country, and the lightning darts from all points of 
the compass. A person may to killed* at the distance of 20 miles 
from the explosion by the back stroke . If the two extremities of a 
highly charged cloud dip towards the earth, they will repel the elec- 
tricity of the earth, if it be of the same kind with their own, and 
will attract the other kind ; and if a discharge should take place at 
one end of the cloud, the equilibrium will instantly bq restored by a 
flash from ttot part of the earth which is under the other, sufficiently 
strong to destroy life, and it is the most dangerous, though never so 
strong as the direct stroke.* 

1 According to the computation of M. Boudin, the deaths by lightning in 
Great Britain and the United States are about 22 annually. The stoims are 
more frequenfagad fatal in the United States,, but the population is much less 
dense. 
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v / 'Vf'ben J&under-ctouds are very loyr, there is frequently no light- 
ning ; the electricity produced by induction^ is so powerful that it 
escapes from pointed objects in the shaperof flame without heat, 
known as St* Elmo’s fire. These flames are not unfrequently seen 
at the topmasts of ships and the extremities of their yards. Bodies 
betwedh the clouds and earth may be electricized by induction, and 
their electricity will be seen in the form of flame, as showers'V, 
phosphorescent snow. 

Phosphorescence is ascribed to eldfctricity ; various substances emit 
light when decaying, as fish and wood. Many marine qpimals are 
phosphorescent, and the luminous appearance which the sea often 
assumes is principally to be attributed to this cause, although in 
some localities the decaying animal matter it contains may in a slight 
> contribute to it. 


MAGNETISM. 

Magnetism tr one of those unseen existences which, like electricity 
and heat, is known only by its effects. It is certainly identical 
with electricity, for, although it never comes natural^ into evi- 
dence, magnets can be made to exhibit all the phenomena of elec- 
trical machines. • 

Terrestrial magnetism, which pervades the whole* earth, is ex- 
tremely complicate/^ ; the direction of the force is determined ly 
the declination-needle; or mariner’s compass, and the# 'dmg« 
needKPf'lftey consist of magnetised needles of Ws of ste^f$$us- 
pended that the declination-needle revolves in a horizontal direc- 
tion, and the dipping-needle moves in a plane perpendicular tp tlie 
horizo.n. , * 

The north end of the dipping-needle bends or dips below the 
horizon in the northern hemisphere the south end bends or dips 
beneath it in the southern hemisphere, and between the two there 
is a line which encircles the. whole earth, where the dipping-needle 
remains horizontal. That line, which is the magnetic equator or 
line of no dip, crosses the terrestrial equator in two places ; one lies 
&' little to tne L east of the meridian of Greenwich, and the other in 
170° E. long. : it extends alternately on each side, bgt never de- 
viates more than 12° or 15° from it. North and south of the mag- 
netic equator the needle dips more and more, till at last it becomes 
perpendicular to the horizon in two points, or rather linear* spaces, 
known as the north and south nfagnetio poles, which are qtiite 
distiiirt from the poles of the earth’s rotation. One, whose position 
was determined by Admiral Sir James Ro&, is in 70^1?. lat. and 
97° W. long., while that in the southern hen^sphere, placed- by the 
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same celebrated navigator, from bis observations in 1841, in the 
interior of Victoria Island, is in 75° 5' S..lat., and 164° E*ong. 
Lines of equal dip are fucb as may be drawn on a globe through all 
those pldbes where the dipping-needle Wkes the same angle with 
the horizon. 

The magnetic meridian is the mean direction which a freely sus- 
pended horizontal needle assumes when left to itself. The magnetic 
meridians coincide with the geographical meridians in some places, 
and in these the magnet points to the true north and south, that is, 
to the poles of the earth’s rotation. . But if it be carried succes- 
sively to different longitudes, it will deviate sometimes to the east, 
sometime^ to the west, of the true north. Imaginary lines on the 
globe, passing through all places where the needle points to the 
poles of the earth’s rotation, are lines of no variation ; and lines 
passing through all places where it deviates by an equal quantity 
from the geographical meridians, are lines of equal variation ; they 
are also very irregular, and form two closed systems, or loops— that 
is, they surround two points, one in North Siberia, and another in 
thsgPacific, nearly in the meridian of the Pitcairn Islands and the. 
Marquesas. 1 

The intensity of the magnetic force is as variable qjid even more 
complicated than the other magnetic phenomena : its variations are* 
measured by the square* of the giumber of vibrations^lnade by the 
declination-needle in a given, time, .whence it was discovered that 
there are four points in which the intensity is greater than any- 
where else. Two of thesS are in the northern and two in the 
southern hemisphere ; they neither coincide with the pples j>f the 
earth’s rotation n<ft with the magnetic poles, nor are they all of equal 
intensity. * » 

One of these foci of maximum magnetic- intensity is situate in 
North America, south-west from Hudson Baj**^ anoth^ is in 


1 The author is indebted to the investigations of General Sabine for almost 
all her information on the dhbiect of terrestrial magnetism." In these, and in 
his notes to the English translation of Humboldt's * Cosmos/ the reader will 
find all that is most interesting on the subject. In his own works there tore 
plates of the couise of the different magnetic curves mentioned in the t$xt. 
The General’s latest contribution to magnetic science is an Elaborate chart, 
with a most instructive essay, in Keith Johnstone's * Physical Atlas/ folio, 
1856. TheMnost practically useful element of terrestrial magnetism, the 
declination or variation, has of late years formed an important object of obser- 
vation by the officers of our navy. A vast number have been accumulated 
from every quarter of the globe, at the Hydrographical Office, where they are 
discussed and laid down, on the charts issued by v the Admiralty, by a veiy 
talented officer, Mr. Evans ; a most important service conferred on the navi- 
gators of every ‘country by the late and present Hydrograpbers of the navy. 
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norttorn Siberia, in 120° E. long. In the southern hemisphere, 
one ot the points of maximum magnetic intensity is in the South 
Atlantic, in 200 g. lat. and 324° E: long., ai*d the other is situate in 
600 S. lat. and 131* 20' E. long. 1 In consequence of th# unequal 
intensity of the force in these four foci, the decrease in magnetic 
powej from them towards the equator is extremely irregular, so 
that the dynamic equator, which is a line supposed to he drawn 
through all the points of the earth where in each geographical 11 
meridian the intensity is the least, encircles the globe in a waving 
line, which neither -coincides with the geographical nor magnetic 
equator ; it forms thfe division between the magnetic intensities in 
the two hemispheres. Lines drawn on a globe through all the points 
where the magnetic intensity is the same are so complicated that 
it is scarcely possible to convey an idea of them in v ords. They 
form a scries of ovals round each of the foci of maximum force in 
each hemisphere. In the northern hemisphere they form th§ figure 
of 8, having a focus and its ovals in each loop, then tlieyopen into 
tortuous lines which cnc< mpass the globe, but which become less so 
.as they approach the dynamic equator. The complication i ^in- 
creased by the foci in the two hemispheres being unsymmetrically 
placed with Regard to one another, as well as by the difference in 
« their intensities. 

Thus it appears that there are si$ points *on the earth remarkable 
for magnetic phenomena, all of which are distinct from one another 
and from the pole's of the earth’s rotation : namely, two magnetio 
poles, where the dipping-needle makes 1 an angle of 90 degrees with 
the hqjizon, and four other points which are the foci of magnetio 
intensify— that is, where the total magnetic fortf^ is a maximum. 
There are also three % remarkable lines which encompass the earth, 
none of which coincide with the geographical equator, namely : the 
magnetic equator, in every,, point of which the angle of the dip is 
zero ; it encircles the earth arid intersects the terrestrial equator ; — 
the dynamical equator, or line of minimum magnetic intensity, 
which surrounds the earth ‘in an irregular line, hut neither coincides 
with the terrestrial nor magnetic equatdr. Besides these, there is a 
zofie* which is supposed to pass through all places where the horary 
variations of fhe magnet partake of the phenomena of each hemi- 

t 

1 The foci are all of different intensities ; that in the South Atlantic, dis- 

covered by M. Ermann, has the least intensity of the four, and the other in the 
southern hemisphere, discoveied by Sir James Koss, hai the greatest; taking 1 
as the unit at the magnetic equator in Peru, their intensities aie as 2*071 and 
0*706. In the northern hemisphere the American focus is moie intense than 
that in Siberia, which is moving from west to east, while the minor focus in 
the southern hemisphere is moving horn e&st to we^t. 
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sphere alternately : it either partly, or nearly coincides with th^line 
of minimum intensity. 

Complicated as the magnetic phenomena are, they are rendered 
still, more sc* by the secular periodic and occasional variations to 
which they are liable. The foci of maximum intensity and the 
whole system of the magnetic curves arc moving along the two 
hemispheres in different directions ; those in the northern are going 
from west to east, and those in the south^n from east to west ; and 
as the foci of greatest intensity move with different velocities, the 
forms, as well as 'tlie position, of the curves are rapidly and cease- 
lessly changing, so that in the course of a few years, or half a cen- 
tury, the whole magnetic system is altered. General Sabine, so 
profoundly versed in this branch of science, and which has assumed 
, a new character from his res&rches, has shown that the weaker 
magnetic focus in the northern hemisphere has moved through 100 
degrees of longitude in 150 years. It is now in Eastern Siberia, in 
about the 120th meridian, and is moving eastward towards America, 
while the American pole has been moving, but far more slowly, in the 
same direction since the year 1G78. The pol® seem to increase in 
magnetic force the nearer they Cbme to one another, and the in- 
tensity is also increased in the space between them. .Hence in the 
northern hemisphere the effect of the secular easterly motion of the 
weaker magnetic pole is to increase the magnetic dip and force to 
the east of the 120th eastern i^eridian and to diminish them to the 
west of it. For example, at Toronto in Canada^ the total force has a 
secular increase of *0052 annually, and the dip Or inclipation, which 
was 75°. 17' *63 in 1840, has an annuil increase of T’O.^ Moreover 
the declination haJ a secular westerly increase, the rate of which is 
increasing, for at the end of 1851 the mean -annual increase was 
l r, 952, at the end of 18.74 it was 2'-54* and at tbo end of 1855 it 
was 3' *4. On the contrary, the total foiae is decreasing in Europe, 
and at Ixmdon there is ari ‘annual decrease of 2' *7 in the inclination, 
and of 7 in the westerly declination. 

In the southern hemisphere the force is greater in the principal 
pole than in the pole of maximum intensity in the northern, pro- 
bably because the foci of maximum force are only 90 degrees apart, 
while in the northern hemisphere they are 150 degrees. In the 
southern hemisphere the secular fluctuations are in &n opposite di- 
rection to those in the northern. At St. Helena the declination has 
increased during the last 200 years at a nearly uniform rate of 8 
minutes annually. It takes place in equal aliquot portions in each' 
of the twelve months, whence General Sabine infers that the secular 
changes must proceed from causes which act with surprising uni- 
formity and regularity .through long successive years The l^ws 
and causes of the secular variations ail unknown, the discovery is 
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resejvcd for future generations who will have the advantage of the 
x&ost extensive and perfect system of observation that has ever been 
made on the state of terrestrial magnetism, and the charts which 
represent them form a magnetic epoch whence all inture changes 
may be estimated. 4 * » 

The three magnetic elements, the total force, inclination or dip, 
and the declination, are subject to annual variations depending upon 
the motion of the sun in the ecliptic, to variations depending on the 
solar hours or rotation of the earth on its axis, and also to vast 
magnetic storms or great disturbances which exteifd simultaneously 
to the most distant regions of the earth, feeble at St. Helena, near 
the equator, but powerful at Hobarton 1 and Toronto, and still more 
so in higher latitudes. These storms, which were long believed to 
be casual and irregular, General Samne has found to be periodical 
and subject to annual and horary variations, like the others, regu- 
lated by the law which respects the hours of the place of observa- 
tion — a very remarkable and important discovery. 

In consequence o*f *the motion of the sun in the ecliptic combined 
with the £reat # disturbances, the three magnetic elements deviate 
from their mean annual state so ad to have maximum values ijj. Sep- 
tember and April, and minimum in January and June, the aggre- 
gate of the maximum values being three times greater than that V>f 
the minimum. t 

*On account of thq rotation of ther earth combined with the great 
magnetic disturbances, the total force, and consequently the inclina- 
tion also, deviate frbm their mean valfie, and have two maximum 
\fcluea_and two minimum in the course of twenty-four hours, and 
the declination makes two deviations to thh east and two to- the 
west from its mean position in the same period. 

Throughout the middle latitudes of the* northern hemisphere the 
north fend of the magnet has a mean motion from east to west from 
eight in the morning till half-past one ; it* then moves to the east till 
evening, after which it makes another excursion to the west, and 
return's again to its original position at eight in the morning. The 
extent of its variation is greater in the day than in the night, in 
summer than in winter. It decreases from the middle latitudes in 
Europe, where it is 13 or 14 minutes, to the equator, where it 
is only 3 or 4; but at the equator the variations are performed 

• 

1 The three observatories are at Toronto, in Upper Canada, in 43° 39 r N. Jat. 
and 79° 21* W. long. ; Hobarton, in Tasmania, in 42° 53* S. lat., 147° 2V E, 
long.; St. Helena, in the Atlantic, 15° 5.V N. lat., 5° 54' W. long. These 
observatories were established on purpose to improve our knowledge of terrestrial 
magnetism ; and it was from a vast series of observations made in these daily 
* * y$ for five years, that General Sabine mad# his great discoveries. 
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with extreme regularity. The horary motions of the south end of 
the magnet in the southern hemisphere are accomplished in an ex- 
actly opposite direction. Between the two magnetic hemispheres there 
is a zone passing through an infinity of places, and very nearly coin- 
ciding with the line of minimum magnetic intensity, where the horary 
phenomena of both hemispheres are combined, each predominating 
alternately at opposite seasons. At Sto Helena, which is one of the 
places in question and nearly on the line of minimum intensity, the 
horary motion of the north end of the magnet corresponds indirection 
during one half of the year with the movement in the northern 
hemisphere, and in the other half of the "year the direction at the 
same hours corresponds wifli that in the southern hemisphere, the 
, passage from the one to the other being at the equinoxes, when the 
diurnal variations at the usual hours partake more or less of the 
characteristics of both on different days. 1 This variation is owing to 
the Sun’s declination, its maxima happening v^hen the sun is in or 
near the opposite solstices, and disappearing at or near the epochs of 
the equinoxes. m , 

It had been found that the decimal variation of each of these mag- 
netic elements was a double progression, having each t^o maximum 
and two minimum values in their respective periods. From an 
attentive consideration of the resists obtained at thq British colonial 
observatories, General Sabine wg,s led to the belief that Jhe double 
progression was the effect of two combined or superposed variations 
which have different hours of maxima and mirfima, and are occa- 
sioned by distinct causes, one being the regular diurnal variation 
caused by the diffeJbnco in the sun’s position relatively to the place 
of observation at the different hours of the day#and night ; and the 
other being the mean effect of the occasional or casual disturbances. 
The separation of these two variations, in order to ascertain tfie dis- 
tinct laws of the regular solar-diurnal and the casual variations, 
General Sabine accomplished bf the reduction and comparison, ac- 
cording to a method devised by himself, of more* than 100,000 
observations, and has thereby established the strict periodical charac- 
ter of the magnetic storms and their influence in producing tlie 
double maximum and minimum of the diurnal variation. In addi- 
tion to the annual ^nd diurnal periods which this examination proved 
to belong to the casual disturbances, it showed also that their fre- 
quency and amount in different years gradually and steadily increased 

1 At St?Helena the north end of the needle reaches its eastern extreme in 
May, June, July, and August, and nearly at the same hours it reaches its 
western extreme in November, December,. January, and February. The passage 
froin one to the other takes j^lace at, or soon after, the equinoxes in March and 
Apri September and October. — Sabine’s Notes to * Cosmos/ vol. ii. 
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from a minimum in the year 1843 to a maximum in 1848, so as 
to be more thax^ twice as great at tho hid of that time as at the 
beginning of it. Thus a variation, having its period nearly eleven 
years, was clearly established in the casual disturbances of each of 
the three magnetic elements, and concurrently with this a variation 
having a similar period and similar epochs of maxima and Minima 
was shown to exist in the softr-diumal variations of each of the three 
elements. * 

The decennial variation is a most important discovery in itself, but 
becomes much more so from its connexion with the spots on the 
surface of thf sun, first pointed out bjr General Sabine, whifch has 
changed the received opinion as to the cause of the variations in 
terrestrial magnetism. M. Schwabe, of Dessau, had observed the 
solar spots continually for 24 years, and found that they are periodical 
both in frequency and quantity, having a regular maximum and 
minimum every five yeais, the minima being in the years .1833* and 
1843, and the maxima in 1838 and 1848 ; thus exactly coinciding 
with the jperio^ of the decennial variation in -the magnetic elements. 

A series of observations made on the declination, by Captain Ma- 
guire, R.N.„at Point Barrow, on the shores of the Tolar Sea, prove 
beyond a doubt that the casual disturbances there are subject to the 
laws of the solar hours and of the polar spots. There is also a double 
progression tlio principal maxiimuq being at eight in the morning 
'both at Point Barrow and Toronto, and a secondary maximum a little 
before midnight. When the great di^tuibnnces w T ere s^arated, the 
solar-diurnal variations appeared to he the same with those at Toronto 
and throughout the extra tropical part of the northern hemisphere, 
the epochs of the extreme easterly and westerly variation^ being the 
same at both stations. But notwithstanding these coincidences, there 
is a complete antagonism in the disturbance variations at Point 
Barrow and Toronto, the epochs of the deflections of the needle being 
nearly opposite to one another at the two stations, so that at nearly 
the very same* hour the disturbance was easterly at tho one station 
and westerly at the other, and vice versa. At the same time a strong 
analogy was observed to exist between the eastern disturbance deflec- 
tions at Toronto and the western at Point Barrow, and between the 
western disturbance deflections at Toronto and £he eastern at Point 
Barrow. 

The deflection caused by the occasional disturbances ‘at Point 
Barrow is very much greater, when compared with th^ same at 
Toronto, than can be explained by the difference of the horizontal 
force of the earth at the two stations. Tho mean daily effect of the 
casual disturbances was found to be more jhan ten times greater at 
Point Barrow than at Toronto j hence, as it may he greater, equal to-, 
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or less than the diurnal solar variation, according %> the latitude, it 
may occasion a great variety of phenpmena in different localities. 
Besides, the aurom was seen contemporaneously with the observa- 
tfbns 1077 times in six months, which strikingly accords with the 
excessive amount of the occasional disturbances at Point Barrow, 
as it is well known to affect the m^netic needles ; -but as there 
were great disturbances when there ^as no aurora, it cannot be 
admitted to be the sole cause of the unusually great disturbances 
at Point Barrow. 

very series of observations shows the universal prevalence of the de- 
cennial period in the solar magnetic variations. It is a discovery of the 
highest importance, as it proves that the solar influence on terrestrial 
magnetism is cosmic and not thermic as has been generally believed ; 
and this is continued by the action of the moon, which has little or no 
heat. M. Kreil, of Milan, first discovered the existence of ‘a lunar 
diurnal variation in the declination, but since that, the numerical 
values of the diurnal lunar variations in all the three magnetic ele- 
ments have been determined«at all our colonial observatories, and it 
was found that these variations presented the same general characters 
at the three stations. They are not affected by the decenftial variation 
which is%ound in all the solar inequalities, but yet they follow a 
double progression, -having in cafh element two maxima and two 
minima in 24 hours, which constitutes a marked difference between 
the action of the sun and thermo on on terrestrial lAagnetism. 

The discovery of the magnetism of the atmosphere seems to 
place the aurora the class of electro-magnetic phenomena. For 
the Aurora occurs in the north and south, wliefe the *air is 
highly condensed by cold, and consequently Highly magnetic. It 
generally appears soon after sunset ifl the form of a lujotinous 
arch stretching more or less from east to.west, tj?e» most elevated 
point being frequently in the magnetic meridian of the place of the 
observer : across the arch the coruscations are rapid, vivid, and 
of various colours, darting JJke lightning to the zenith, and at the 
same time flitting laterally with incessant velocity. The brightness 
of the rays varies in an instant : they sometimes surpass the splen- 
dour of stars of the first magnitude, and often exhibit colours of 
admirable transparency, blood- red at tlio base, emerald-green in the 
middle* and clear yellow towards their extremity. Sonfetimes one, 
and sometimes a quick succession of luminous currents run from one 
end of the arch or bow to the other, so that the rays rapidly increase 
in brightness : but it is impossible to say whether the coruscations 
themselves are actually affected by a horizontal motion of transla- 
tion, or whether the mor« vivid light is conveyed from ray to ray* 
The rays occasionally jiart far past the zenith, •vanish, suddenly rev 
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appear, and, beinf joined by others from the arch, form a magnificent 
corona or immense dome of light The segment of the sky below 
the arch is quite black, as if formed by dense clouds ; yet M. Struve 
is said to have seen stars in it, consequently the blackness must Ml 
from contrast. The lower edge' of the arch is evenly defined ; its 
upper margin is fringed byJlie streamers which convene by the 
effect of perspective to theWnagnetic poles. The apparent con- 
vergence of the arch is owing to the same cause. 

Either the aurora, must occasionally be high above the earth, or 
its coruscations must be very extensive, since the same display is 
visible at places wide asunder. An auroral bow, which appeared in 

* the United States of America, on the 11th June, 1852, had such 
’ decided parallax, that its lower edge was. computed to have the per- 
pendicular height above the earth of about 140 miles,. and its upper 
edge 280, so its breadth was 140 miles. If the aurora be due to the 
magnetic lines of forces. issuing from the earth, it shows they extend 
into space, for the atmosphere is only 40 miles high. It has fre- 
quently been seen in North Ameiica. and all over the north of 
Europe at the same time, sometimes even as far south as Italy, yet 
Sir Edward eParry certainly saw a ray dart from it to the ground 
near him. Admiral Wrangel, M. Struve, and others who Have had 
many opportunities of seeing the »*rora in high, latitudes, assign a 
very moderate elevation to it. The* arch probably passes through 
the magnetic pole* ; lienee in the north of Greenland it lies south of 
the observer, and Sir Edward Parry saw it to the soutbftn Melville 
Island, wh*'ch is in 70° N. lat. ; consequently it must appear in the 
zenith in some places. 

The aurora has a powerful influence on the magnetic needle, even 
in places where the display is not seen. Its vibrations seem to be 

• slower "or quicktY according as the auroral light is quiescent or in 
motion, and the 'disturbances of the compass during the day show 
that the aurora is not peculiar to the night. Observations have 
proved that thb disturbances of tha magnetic needle and the auroral 
displays wore simultaneous at Toronto, in Canada, on 13 days out 
of 24, the remaining days having been clouded ; and contempora- 
neous observations show that on these 13 days there were also 
magnetic disturbances at Prague and at Tasmania, so that the “ oc- 
currence of •aurora at Toronto on these occasions may be viewed as 
a local manifestation connected with magnetic effects, which, what- 
ever may have been their origin, probably prevailed on the same 
day over the whole surface of the globe.*’ 1 At Point Barrow, on 
the shores of the Polar Sea, Captain Maguire, R.N., mentions, that 

* * General Sabine’s Notes to the English translation of Humboldt’s * Cosmos/ 
tohlh 
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during the months of December, January, and February, a time at 
which there was hardly any daylight, the aurora appeared six days 
out of every seven for two years, and that it was seen contempora- 
neously 1077 times with considerable magnetic disturbances; but 
similar disturbances often occurred without it. It has been observed 
that the two kinds of auroral action bear a strong analogy to the two 
modes of magnetic action discovered fy Dr. Faraday, the ordinary 
auroral beams or streamers being parallel to the magnetic meridian, 
and the aporel'arch at right angles to it, 
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CHAPTER XXIII. 

& 

Vegetation — Nourishment and Growth of Plants — Effects of the different 
Bays of the Solar Spectrum — Classes — Botanical Districts. . 

In the present state of the globe a third part only of its surface is 
occupied by land, and probably not more than a fourth part of that 
is inhabited by man, but animals and vegetables have a wider range. 
The greater part of the land is clothed with vegetation and inhabited 
by quadrupeds, the air is peopled with birds and insects, and the 
sea teems with living creatures and plants. These organised beings 
are not scattered proitriscuously, but all classes of them have been 
originally placed in regions suited to their respective wants. 'Many 
animals aftd plants are indigenous only in determinate spots, tfhiie 
a thousand' others might have supported them as well, and to many 
of which thef have been transported by man. 

Plants, extract from the ground inorganic substances which are 
indispensable to ’bring them to maturity, but the atmosphere sup- 
plies the vegetable creation with the principal part of its nourish- 
ment. * , fc „ '* 

The black or brown moiild which is so abundant is the produce of 
decayed vegetables. When the autumnal leaver, the spoil of the 
summer, fall to the ground, and their vitality is gone, they slowly 
(^compose, and, combining with the oxygen of the atmosphere, an 
equal .yolume of carbonic acid gas is evolved, which is absorbed by 
the water that exists abundantly in every good soil, and is the most 
important element in the nourishment of vegetables. 

In loosening and refining the soil, as well as in facilitating the 
burial of dead leaves, and mixing these with the soil, the common 
earth-worm is the fellow-labourer with man ; it eats earth, and, 
after extracting the vegetable matter, ejects the refuse, which is the 
finest soil, antimay be seen lying in heaps at the mouth of ifi bur- 
row. So instrumental is this creature in preparing the grdund, 
that it* is said there is not a particle of the finer vegetable mould 
that has not passed through the intestines of a worm: thus the 
most feeble of living things is employed by Providence to assist man. 

The food of the vegetable creation consists of carbon, hydrogen, 
azote, and oxygen— all of which plants obtain entirely from the 
atmosphere In the form of carbonic acid gas, water, and ammonia. 
^ three substances, and, aft?r having decomposed 
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them, they give the oxygen to the air, and consolidate the carbon, 
water, and azote into wood, leaves, flowers, and fruit. 

The vitality of plants is a chemical process entirely due to the 
sun’s light ; it is most active in clear sunshine, feeble in the shade, 
and nearly suspended in the night, when plants, like animals, have 
their rest. 

The atmosphere contains about one three-thousandth part of car- 
bonic acid gas, yet that small quantity yields enough of carbon to 
form the solid mass of all the magnificent forests and herbs that 
clothe the face of the earth, and the supply of that necessary ingre- 
dient in the composition of*the atmosphere is maintained by the 
breathing of animals, by volcanos, by decomposition of animal and 
vegetable matter, and by combustion. The green parts of plants 
constantly imbibe carbonic acid in the day; they decpmpose it, 
assimilate the carbon, and return the oxygen pure to the atmosphere. 

Since the vivifying action of the sun brings about all these changes, 
a superabundance of oxygen is exhaled by the tropical vegetation under 
a clear unclouded sky, where the sun's rays are most energetic, and 
atmospheric moisture most abundant. In the middle and higher 
latitudes, on the contrary, the supply of oxygen is greatly less. But 
an equilibrium is established by means of the winds ; the tropical 
currents carrying w tho excess of*oxygen to higher, latitudes, to give 
breath and heat to men and apimals. Harmony exists between the 
panimal and vegetable creations ; animals consume the oxygen of the 
atmosphere, which is restored by the exhalation of plants, while plants 
consume the carbonic acid exhaled by men and animals ; the existence 
of each is thus diifi to their reciprocal dependence. New of the great 
cosmical phenomena have only one end to fulfil* they are the iiiiniijfrii 
of the manifold designs of Providence. • 

When a seed is thrown into the ground, th^ vital principle of 
- the contained embryo is stimulated by heat and moisture : its radicle 
(which is a definite point of *thc embryo destined for the purpose) 
elongates and forms roots, while the. plumule asdends and forms 
stem and rudimentary leaves. These roots suck up water mixed 
with carbonic acid from the soil, to be decomposed by the plant 
whiqfe consolidates the carbon. In this stage of their growth, plants 
derive their whole sustenance from the ground. As* soon, however, 
as the perfect leaves are formed they absorb and decompose the car- 
bonic acid of the atmosphere, retain the carbon for their food, and 
give out the oxygen in the day. It appears wonderful that so small 
a quantity of carbonic acid as exists in the air should suffice to 
supply the whole vegetation of the world, until we reflect that the total 
amount in the air is infinitely greater than all that which is fixed in. 
our forests and coal-fields ; and that a process of decomposition replaces 
the waste. Still mrte wonderful does it appear that a seed minute 

Q 2 
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enough to be wafted invisibly by a breath of*air should be the 
theatre of all the chemical changes that make it germinate. 1 

Plants absorb water from the ground by their roots ; they decompose 
it, and the hydrogen combines in different proportions with their 
carbonic acid to -form wood, sugar, starch, gum, vegetable oils and 
acids. As the green parti combine with the oxygen of the air, 
especially during night, when the functions of plants are torpid, it is 
assimilated on the return of daylight, and assists in forming oils, 
resins, and acids. The combination of the oxygen of the air with the 
leaves, and also with the blossom and fruit, during night, appears to 
he unconnected with the vital process, Is it continues in dead plants. 
An acid exists in the juice of every plant, generally in combination 
with an alkali. . It must be observed, however, that these different 
substances are produced at different stages in. the growth of the 
plant ; for example, starch is formed in the roots, stalk, and seed, 
but it is converted into sugar as the fruit ripens, and the more 
starch the sweeter the fruit becomes. Most of these new compounds 
are formed*between the flowering of the plant and the ripening of the 
fruit, and indeed they furnish the materials for the flowers, fruit, and 
seed. 

Ammonia, the third constituent of plants, is a residue from 
the decay and putrefaction of anknal matter. . It is volatilized, 
and rises into the atmosphere, where it exists as a gas, but in 
so small a quantity that it is with difficulty detected biochemical 
analysis ; yet, as if is very soluble in water, enough is brought 
to the ground by rain to« supply the vegetable world. Am- 
monia enters plants by their roots along with rain-water, and is 
rqflpved within then? into its constituent elements, hydrogen and 
nitrogen. The hydrogen aids- in forming the wood, acids, and other 
substances befom L mentioned ; while the nitrogen enters into every 
part of the plant and forms new compounds ; it exists in the blossom, 
in the fruit before it is ripe, and in \he wood, as albumen ; it also 
exists in gluten, Vhich is the nutritious part of wheat, barley, oats, and 
allother cerealia, as well as of esculent roots and tubers, &c. Nitrogen 
exists abundantly in peas, beans, and pulse of every kind,® and it 
enters into thfe composition of most alimentary vegetable substafcces ; 
the use of animal manure is to supply plants with this essential 
. article of their food. 

. 1 The sporules or seeds of fungi are so minute that M. Fries estimated above 
ten millions in a single plant of the Reticularia maxima : they were so subtile 
that they wars like smoke. 

* It is Very doubtful, from some late researches noticed elsewhere, that the 
air contains any appreciable quantity of ammoniacftl gas, or that it contributes 
in a , material degree to vegetation. See M. de Ville’s researches in the 
* Comptes Rendu&Z x • 
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The difference of a clear or .cloudy sky has an immense effect 
on vegetation ; the ripening of fruit depends upon the serenity of the 
sky more than on summer temperature alone. The blue rays of the 
solar spectrum have most effect on the germination of seed ; the 
yellow rays, vrafoh are the most luminous, on the. growing plant : 
this is on account of the chemical rays, now so ‘well known by 
their action in Daguerreotype impressions. They penetrate the 
ground, and have a much greater influence on the germination 
of seeds than ordinary light or darkness. That invisible prin- 
ciple, together with light, is essential to « the formation of the 
colouring matter of leaves; it is most active in spring, when it 
is in very considerable excess as compared with the quantity of 
light and heat ; but as summef advances the reverse takes place ; 
the calorific radiation, or those hot rays corresponding to the extreme 
red of the spectrum, which facilitate the flowering and forming of the 
fruit, become by far the most abundant ; and a set of invisible rays, 
which exist near the point of maximum heat in the solar spectrum, 
are also most abundant in summer. Mr. Hunt found that the hot 
rays immediately beyond the visible red destroy the colour of certain 
leaves ; and for that reason the glass of the great palm-house at Kew 
Gardens is tinged pale yellow green, to exclude the scorching rays in 
question, though it is permeable by the other rays of heat, those of 
light and the chemical rays. 1 

In spring and summer tha oxygen taken in by the green leaves 
aids in the formation of oils, acids, and the other parts that contain 
it ; but as soon as autumn comes, the vitality or chemical action 
of vegetables is. weakened, and the oxygen becomes ap minister of 
destruction ; it changes the colour of the leaves', and consumes 
them when they fall. Nitrogen, so essential during the life? of 
plants, also returns to the atmosphere in ammonia when they die, 
and by its escape hastens their decay. 

Although the food which constitutes the mass ot plants is derived 
principally from water and tfie gases of the atmosphere, fixed sub- 


1 The solar spectrum, or coloured image of the sun, formed by passing a 
sunbeam through a prism, is composed of a variety of invisible as well as 
visifile rays. The chemical rays are most abundant beyond the violet end of 
the spectrum, and decrease through the violet, blue, and gteen, to the yellow, 
where they cease. The rays of heat are in excess a little beyond the red end, 
and gradually decrease towards the violet end. Besides these there are two 
insulated spots at a considerable distance from the red, where the heat is a 
maximum. Were the rays of heat visible, they would exhibit differences as 
distinct as ‘the coloured rays, so varied are their properties according to thpir 
position in the spectrum. There are also peculiar rays which produce phos- 
phorescence, others whose properties are not quite made out, and probably 
many undiscovered influences ; for time has not fully revealed the sublimity' 
of that creation, when God said, “ Let there be light — and there was light.” 
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8tftioe8 are also re^uimte for their growth and perfection, and these 
from the earth by their Toots. The inorganic matters are 
the alkalis^phosphates, silicates, sulphates, and others. 

; ' It Has already been mentioned that vegetable acids are Mnd in the 
juices of all the families of plants. They are generally in combination 
with one or other of the alkaline substances? as potash, lime, soda, 
and magnesia, which are as essential to^the existence of plants as the 
carbonic acid by which these acids are formed ; for example, vines 
have potash ; plants used as dyes never give vivid colours without it. 
None of the com tribe can produce perfect seeds unless they have 
both potash and phosphate* of magnesia; nor can they or any of the 
grasses thrive Without silica, which gives the stiffness to straw, to the 
beard of wheat and barley, to canes, and bamboos ; it is even found 
in solid lumps in the joints of bamboo, and is known in India by the 
name of tahashir. To bring the cerealia to perfection, it is indis- 
pensable that in their growth they should be supplied with oarbonic 
acid for the plant, siKoa to give it strength and firmness, and 
nitrogen for the grain. 

Phosphoric acid, combined with an earth or alkali, is found in the 
ashes of many vegetables, and is essential to them . Pulses contain but 
little of it, and* on that account are less nutritious than the cerealia. 
The family of the cruciferee, as cabbages, turnips, mustard, &c., contain 
sulphur in addition to the substancft common to the growth ofili 
plants ; each particular tribe has its own peculiarities, and requires a 
combination suited'to it. ( ;■ r 

The perfume of flowers and leaves is owing to a volatile 6il, and 
is often carried by the air to a great distance ; in >.ot ollmates it is 
most powerful 'in the morning and evening. The odour of plants 
lias been perceived mdny miles from the coasts of various hot and 
especially dry countries. The variety of perfumes is infinite, and 
shows the innumerable combinations of which a few simple sub- 
stances are capable, and the extreme minuteness of the particles of 
matter. * . 

In northern and mean latitudes winter is a time of rest to the 
greater part of the vegetable world, and in certain tropical climates 
the vigour of vegetation is suspended during the dry* hot season, 
to he resumed at the return of the periodical rains. The periodical 
phenomena of the appearance of the first leaves, the flowering, the 
ripening of the fruit, and the fall of the leaf, depend upon the annual 
and diurnal ohanges of temperature and moisture, and succeed each 
other with so much harmony and regularity, that, were there a suffi- 
cient number of observations, lines might he drawn on a globe ap- 
proximately indicating places where the leaves of certain plants appear 
simultaneously, and illustrating the other principal phases of vegetal 
tion. In places where the same plants flower on the same day, the fruit 
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may not ripen at the same period it would therefore he interesting; 
to know what relation lines passing through those places, would have 
to one another and to the isothermallines ; more especially^th regard 
to the plants indispensable to man, since the periodicity of vegeta- 
tion affect! his Vfcole social condition . 1 

Certain plants sleep 4uring the night ; some show it in their 
leaves, others in their blossom. Some mimosas not only close their 
leaves at night, but their leaf-stalks droop ; in a clover-field not a 
leaf opens until after sunrise. The common daisy is a familiar 
instance of a sleeping inflorescence ; it shuts up its ray-flowers in the 
eyening, and opens its white and crimqp-tipped star, the “ day’s 
eye,” to meet the early beams of the morning ssm ; when also 
“ winking mary-buds begin to ope their golden eyes.” 

Thecrocus, tulip, convolvulus, and many others, close their blossoms 
at different hours towards evening, some to open them again, others 
never. The ivy-leaved lettuce opens at eight in the morning, and 
closes for ever at four in the afternoon, gome plants seem to be 
wide awake all night, and to give out their perfume then only, or 
at nightfall. Many of the jessamines are mosk fragsant during 
the twilight : the Olea fragrant the Daphne odora, and the night- 
stock reserve their sweetness for the midnight hour, and the 
night-flowering Cereus turns might into day. It begins to ex- 
pand its magnificent sweet-scanted blossom in jtho twilight, it is 
full blown at midnight, and, closes, never to open again, with the 
dawn of day ; — these are “the bats and pwls of the vegetable 
kingdom.” 8 * . * 

Many plants brought from warm to temperate climates have 
become habituated to their new situation, and flourish as if they were 
natives of the soil : such as have been accustomed to flower and rest 
at particular seasons change their -habits, and adapt themselves 
to the seasons of the country that has adopted tlfcip. * 

Plants are propagated by seeds, offsets, cuttings, and buds ; hence 
they, but more especially trees, have myriads of seats of life, a con- 
• 

1 Professor Quetelet is desirous that the periodical phenomena of vegetation 
should be observed at a number of places, in order to establish a comparison 
between the periods at which they take place ; and for that purpose he gives a 
list of the commonest plants, as lilac, laburnup), elderj birch, oak, horse- 
chesnut, peach, pear, crocus, daisy, &c., which ne himself observes annually 
at Brussels. • 

* Dandelion opens at five or six in the morning, and shuts at nine in the 
evening; the goat’s-beard wakes at three in the morning, and shuts at five or 
six in the afternoon. The orange-coloured Escholtzia is so sensitive that it 
closes during the passage of a cloud. “ The marigold that goes to bed wi' the 
ton, and with him rises weeping/' with many more, are instances of the sleep 
of plants: the gentianelb, veronica, and other plants close their blossoms on 
the approach of rain. 
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genes of vital systems acting in concert, but independently of each 
other, every one of which might become a new plants 

*AU the^floral organs of plants are composed of modified or trans- 
formed leaves, a law developed and established by Linnaaus,. and 
which has been since popularised by the iliustrous poet Gothe. 
According to this law, embryo leaves have < been found passing into 
Common leaves, these into bracts, bracts into sepals, sepals into petals, 
these into stamens, and lastly stamens into pistils which contain 
the ovules. These changes are not indeed all traceable on any one 
plant, though several^ of the series may be (as from sepals to petals 
and stamens in. the whi|| water-lily) ; but all double-flowers, and 
other so-called, monsters, afford examples of it ; in many of which 
a sudden change of one of the series into ordinary leaves is common. 
The double-rose is easily seen to be a single rose with the stamens 
turned into petals ; and the sepals to be modified stem-leaves. 

Plants are naturally distributed in two great sub-kingdoms — the 
flowering plants, whos powers, containing stamens and pistils, are all 
formed of whorls of modified leaves, and whose young seeds, called 
ovules, are. fertilized by the pollen of the stamens ; and flowerless 
plants , as ferns, mosses, lichens, sea-weeds, and fungi, whose ex- 
tremely minut$ seeds are of a very 3ifferent nature, and which have 
no flowers properly so called. The lowering plants are divided into 
two principal classes, called; monocctyledons and • dicotyledons : ^f 
these the monocotyledons gro\v frvwi, within, the foot-stalks oftbe 
old leaves always forming the opf *e of the stem their leaves have 
parallel veins ; the parts of the nv floral whorls are usually iu threes 
or sixes, and their embryo has but one seed-lobe or cotyledon : to 
this class palms* grasses, lilies, &c., belong. The dicotyledons have 
leaves with netted veins ; stems with distinct bark ; layers of wood 
and pith ; the parts of their floral whorls are in fours or fives, and 
the embryo has twe seed-lobas. All British trees and woody plants 
belong to this class, which is by far the largest of the two. 

These classes are distributed in >ery different propoftions in 
different zones. Between the tropics, there are four dicotyledons 
to one monocotyledon, in the temperate zones six to one, and 
in the polar regions only two to one. In the temperate zones 
one-sixth of the flowering plants are annuals ; in the torrid zone 
scarcely one plant in twenty is annual, and in the polar regions only 
one in thirty. The number of woody plants increase^ on approach- 
ing the equator. In North America there are 120 different spe- 
cies of forest-trees, whereas in the same latitudes in Europe there 
are only 34. 

Equinoctial America has a more extensive vegetation than any 
other part of the world of equal area ; Europe has not above half 
the number of indigenous species of plants ; Asia, with its islands, 
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has far more than Europe ; Australia, with its islands, about as 
many as Europe; and 'there are fewej* known vegetable preductions 
in Africa "than in any part of the globe of the same extent. 

Since the coMtitution of the atmosphere is very much the same 
everywhere, vegfetatioij depends principally . on the sun’s light, 
moisture, and the mean annual temperature, and it is also in some 
degree regulated by the heat of summer in the temperate zones, and 
also by exposure, for such plants as require warmth are found at a 
‘ lower level on the north than on the south side of a mountain. Be- 
tween the tropics, wherever rain does not fall; the soil is burnt up 
and is as unfruitful as that exposed to tie utmost jigour of frost ; 
but where moisture is combined with heat and light, the luxuriance 
of the vegetation is beyond description. The abundance and violence 
of the periodical rains combine with the intense light and heat to 
render the tropical forests and jungles almost impervious from the 
rankness of the vegetation. This exuberance gradually decreases 
with the distance from the tropics ; it also diminishes progressively 
as the height above the level of the sea increases, so that each height 
has a corresponding parallel of latitude where the climates and floras 
are analogous ; and at the regions near the perpetual snow the vege- 
tation scarcely rises above the. surface of the ground, and pre- 
sents a counterpart to that of the polar regions. Hence, in ascend- 
ing the Himalaya or Andes Trom the luxuriant bases of those 
mountains, changes take place the vegetation apalogous to what a 
traveller would meet with in a journey from tlte equator to the poles. 
This law of decrease, though perfectly regular over a wide extent, is 
perpetually interfered with by local circumstances. # From .various, 
causes, as the distribution of land and water^their different powers 
of absorption and radiation, together with the form, composition, and ,, 
clothing of the land, and the prevailing winds, ifc is found tthat the 
isothermal lines, or imaginary lines drawn through places on 
the surface of the globe which have the same mean annual tempe- 
rature, do not correspond with the parallels of latitude. Thus, in 
North America the climate ns much colder than in the corresponding 
European latitudes. Quebec is in the latitude of Paris, and Che 
country is covered with deep snow four or five months in the year, 
and a summer has been experienced there in which not more than 
60 days have been free from frost. In the southern hemisphere, 
beyond th# 34 th parallel, the summers are colder and tffe winters 
milder than in corresponding latitudes of the northern hemisphere. 

Neither does the temperature of mountains always vary exactly 
with their height above the sea ; other causes, as prevailing winds, 
difference of radiation, and geological structure, concur in pro- 
ducing irregularities, which have a powerful effect on the vegetable 
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However, no similarity of existing circumstances can account fop 
whole families of plants being confined to one particular country; or 
even to a very limited district, which, as far as we can judge, might 
have grown equally well on many others. Latitud^elevation, soil, 
and climate, are but secondary causes in the distribution of the vege- 
table kingdom, and are totally inadequate to explain why there are 
numerous distinct botanical districts, each of whiGh has its own 
vegetation, whose limits are most decided when they are separated by 
the ocean, mountain-chains, sandy deserts, salt-plains, or inland seas. 
Each of these districts is the focus of families and genera, some 
of which are found nowhere else, and some of which are common to 
others . 1 

As the land rose at different periods above the ocean, each part, as 
it emerged from the waves, was probably clothed with vegetation, 
and peopled with animals, suited to its position and climate. And 
as the conditions and climate were different at each succeeding 
geological -epoch, so eacfn portion of the land, as it emerged from 
the ocean, would be characterized by its own vegetation and ani- 
mals, and 'thus many centres of creation would result, all differing 
more or less from one another, and hence alpine floras must be of 
older date than those in the plains. The vegetation and faunas Qf 
those lands that differed most in age and place would be most dis- 
similar, while the' plants and animals of such aS were not far re- 
moved from one another in time and place would have corrclatiVfe 
forms or family likenesses, yet each region would form a distinct pro- 
vince. During these changes the older forms may have been modified 
to a certain extent by the succeeding conditions^ the globe,. but, 
according to tlie views of most naturalists, they have never been 
specifically changed, since immutability of species is a primordial 
law of itttur£. ^either external circumstances, time, nor human 

1 M. de Candolle established 20 botanical Regions, and Proftfcsor Schouw 20: ' 
l®t Professor Martius, of Munich, has divided the vegetation of the globe info 
51 provinces, namely, 5 in Europe, 11 in Africa, 13 in Asia, 3 in New Hol- 
land^ in North and 8 in South America, besides Central America, the Antilles, 
the Antarctic Lands, New Zealand, Van Diemen's Land, New Guinea, and 
Polynesia. To these, other divisions might be added, as the Galapagos, the 
flora of which is qp strongly defined. 

Baron Humboldt gives the following concise view of the distribution of 
plants, as tfcheight : — 

Theequatorial zone is the region of palms and bananas. 

The tropical zone is the region of tree-ferns and figs. 

The subtropical zone, that of myrtles and laurels. 

The warm temperate zone, that of evergreen trees. 

The cold temperate zone, that of European or deciduous trees. 

The subarctic zone, that of pines. 

The arctic cone, that of rhododendrons. 

The polar zone, that of alpine plants. 
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art, can change one specie® into another, though each to a certain 
extent is capable of accommodating, itself to a change otoxternal 
circumstances, so as to produce f arieties ? the characters of some of 
which are transmissible to their offspring. 

The fora ofxhe higher parts of the Himalaya mountains is 
similar to that of Europe, many species being identical. In the 
mountains and valleys of Tibet, where the cold is not less than in 
the wastes of Siberia, the vegetation of one might be mistaken for 
that of the other ; the gooseberry, currant, rhubarb, tamarisk, wil- 
low, and poplar, growing in both. The flora near the snow- 
line on the lofty mountains of Europe has also a perfect family like- 
ness to that in high northern latitudes. In like manner many plants . 
on the higher parts of the Chilian Andes are similar to those in 
Tierra del Fuego, andnsome even llentical with theih ; nay, the 
Arctic flora has a certain resemblance to the Antarctic, and presents 
even identity of species. # 

'* In the many vicissitudes the surface of the globe has Undergone, 
continents formed at one period, were at another broken up into 
islands and detached masses by inroads of the sea and other causes. 
Professor E. Forbes has shown that some of the primary floras and 
faunas have spread widely from their original centres over large por- 
tions of those continents before tljp land was broken # up into the form it 
now has, and he thus accounts for the similarity and sometimes iden- 
tity of the plants and animals ot“ regions now separated by seas — as, for 
example, islands, which generally partake of the*vegetation and fauna 
of the continents adjacent to them. Taking for granted the original 
creation of specif! efeentres of plants and animals, Professor E. Forbes 
has clearly proved that “ the specific identity,, to any extent, of the 
flora and fauna of one area, with those of ’another, depends on botl£ 
areas forming, or having formed, part of the sama specific dbntre, or 
on their having derived their "animal anfl vegetable population by 
transmission, through migration, over continuous or closely con- 
tiguous land, aided, in the case of alpine floras, by transportation on 
floating masses of ice.” * 

Comparatively very few of the exogenous or dicotyledonous plants 
are common to two or more countries far apart. There are many more 
instances of wide diffusion among the rnonocotyledonmis plants, espe- 
cially grasses. * The aquatic monocotyledonous plants offijr perhaps 
more striking examples of wide diffusion over the surffie of the 
globe than any other, whilst the cellular or cryptogamous class is 
the most widely diffused of all. , 

In islands far from continents the number of plants is small, hut 
of these a large proportion occur nowhere else. In St. Helena, of 30 
flower-bearing plants, 1 or 2 only are native elsewhere, but in 60 



348 PHYSICAL GEOGRAPHY. Chap. XXIir. 

« • 

species of cfyptogamous plants Dr. Hooker found only 12 peculiar to 
the island. 

Plants are dispersed by currents : of 600 plants from the vicinity 
of the river Zaire on the coast of Africa, 13 are aJ/5 found on the 
shores of Guiana and Brazil, evidently carried by the great equatorial 
current to countries congenial in soil and climate. The seeds of the 
Entada scandens, the Guilandina Bonduc, and the cashew-nut, arc 
wafted from the West Indian islands, by the Gulf-stream, to the 
coasts of Scotland and Ireland, where the climate and soil do not 
suit them, and where therefore they do not become naturalized, 
though some $re stated to have vegetated. Winds also waft seeds 
to great distances ; birds and quadrupeds, and # above all man, are 
active agents in dispersing plants. 
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CHAPTER XXIV. 

Vegetation of the Great Continents — Of the Arctic Islands — And of the 
Arctic and North Temperate Regions of Europe and Asia* . 

The southern limit of the polar flora, on the old continent,, lies 
mostly within the Arctic Circle, but stretches along tlie tops of the 
Scandinavian mountains, and reappears in the high lands of Scotland, 
Cumberland, and Ireland, on the summits of the Pyrenees, Alps, and 
other mountains in southern Europe, as well as on the mountains of 
central Asia, and on the high ridges of the Himalaya. 

The great European plain to the Ural Mountains, as well as the low 
lands of England and Ireland, were at one period covered by a sea full 
of floating ice and icebergs, which made the climate much colder than 
it now is. At the beginning of that period the Scandinavian range, 
the other continental mountains, and those in Britain and Ireland, 
were islands of no great elevation^and were then clothed with the pre- 
sent Arctic flora, representatives of which they still retain now that 
theydorm the tpps of the mountain-chains. At that time both plants 
and animals were conveyed from one country to another by floating 
ice. It is even probable, from the relations of their fauna and flora, 
that Greenland, Iceland, and the very high European latitudes, are 
portions of a great northern land which had for the most part sunk 
down at the close of the glacial period, for thore were many vicissitudes* 
of level during that epoch. At all events # it may b%presumecbthat the 
elevation of the Arctic regions of both continents, }f not contempo- 
raneous, was probably not fai# removed in time. Similarity of cir- 
cumstances had extended throughout the whole Arctic regions, since 
there is a remarkable similarity and even identity of species of 
plants and animals in the high latitudes of both continents, which is 
continued along the tops of their mountain-chains, even in the tem- 
perate zones ; and there is reason to believe that the relations between 
the faunas and floras of North America, Asia, and Europe, must have 
been established towards the close of the glacial period. 

The plants of Iceland are almost wholly identical with those of 
Britain, yet only one in four of the British plants are known in 
Iceland. There are 870 species in Iceland, of which more than 
half are flower-bearing. This flora is scattered in groups according as 
the plants like a dry, marshy, volcanic, or marine soil. Many grow 
close to the hot-spxjngs ; some not far from the edge of the basin of 
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the Qreat Geyser ; and species ^Confervas flourish in a spring said 
to be almost hot enough to boil an egg. The Cereali& cannot be cul- 
tivated on account of the severity of the climate, but the Icelanders 
make bread from metur, a species of wild corn, apd also from the 
bulbous root of Polygonum viviparum; their greatest delicacy is 
the Angelica Archangelica ; Iceland moss, used in medicine, is an 
article of commerce. There are 583 species in the Feroe islands, o% 
which 270 are flowering plants : many thrive there that cannot bear 
the cold of Iceland. 

* 

ARCTIC AND COLDER TEMPERATE FLORA OF TUB GREAT 
c CONTINENTS. 

In the most northern parts of the Arctic lands the year is divided 
into one long intensely cold night and one bright and fervid day, 
which quickly brings to maturity the scanty vegetation. Within the 
limit of perpetual congelation the Palmella nivalis (or red snow of the 
Arctic voyagers), whfch consists of an excessively thin stratum of 
microscopic red or orange-coloured globules, finds nourishment in 
the snow Itself; the first dawn of vegetable life; it is also found 
colouring large patches of snow on the Alps and Pyrenees. 

Lichens are the first vegetables that appear at the lunite of the 
snow-line, whether in high latitudes or mountain- tops, and they are 
the first vegetation that takes possession of volcanic lavas and new 
islands, where they prepare soil for plants*of a higher order ; dhey 
grow on rocks, stbqo3, and trees, in (act on anything that affords, 
them moisture. Many species are known $. no plants are mote 
widely diffused, and none afford a more striking instance of the 
power of migration possessed by species, as they are of 89 little 
direct use to man that f they have not been disseminated by his 
agency . f The same kinds prevail throughout the Atctio regions, and 
species common ‘to both hemispheres are very numerous. Some 
lichens produce brilliant red, orange, and brown dyes ; and the tripe 
de roche, a species of Gyrophora, is a miserable substitute for food* 
as our intrepid countryman, Sir John Franklin, and his brave com- 
panions experienced in their perilous Arctic journeys. 

Mosses follow lichens, on newly-formed soil, and they are found 
everywhere throughout the world in damp situations, but in greatest 
abundance in temperate and alpine climates. Upwards of 1000 spe- 
cies are fepown, of which a considerable number inhabit the Arctic 
regions, constituting a large portion of the vegetation. 

In Asiatic Siberia, north of the 60th parallel of latitude, the 
ground is perpetually frozen at a very small depth below the surface : 
a temperature of the air of 70° below zero of Fahrenheit is not uncom- 
mon, and in some instances the cold has been 120° below zero. Then 
it is fatal to animal life, especially if accompanied by wind. In some 

\ 
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placfcs trees grow and com ripens e'&n at 70° of N. lat. 5 but in the 
most northern parts boundless swampy varied by lakes both of salt 
and freshwater, cover wide portions of this desolate country, which 
is buried under stow nine or ten months in the year. As soon as the 
snow is melted b^ the returning sun, these extensive morasses are 
covered with coarse grass, sedges, and rushes, while mosses and lichens, 
amixed with dwarf willows, clothe the plains. 

In Nova Zemlia and other places in the far north the vegetation 
is so stunted that it barely covers the ground, but a much greater 
variety of minute plants of considerable beauty -are crowded together' 
there in a small space than in the Alpine regions of Europe, where the 
same genera grow. This arises from the diminutive size of the vege- 
tation 5 for in the Swiss Alps the same plants frequently occupy 
a large space, excluding every other species. In the remote north, on 
thexontrary, where vitality is comparatively feeble and the seeds do 
not* ripen, thirty different species may he seen crowded together 
in a bright green mass, no one having strength to overcome the 
rest. In such frozen climates plants may be said to live between the 
air and the earth, for they scarcely rise above the soil? and Iheir roots 
creep along the surface, having scarcely power to enter it. All the 
woody plants, as the Betula nana, the reticulate-leave <T willow, An- 
dromeda tetragona, with a few berry-bearing shrubs* trail along the 
ground, never risirfg more than an inch or two abofe it. The Salix 
lanata, the giant of the* Arfctic forests, never grows more than 
6 inches high, while its sten^ 10 or 12 feet long, Ues hidden among 
the moss, owing shelter to its lowly neighbour. 

The chief characteristic of the vegetation of the ArctiB regions is 
the predominance of perennial and cryptogamous plants, and also 
the sameness of its nature ; but more to the south, where night begins 
to alternate with day, a difference of species appears with # that of 
longitude as well as of latitude. A beautiful flora adorns these 
latitudes during their brief buj bright and ardent summer, consist- 
ing of potentillas, gentians, chickweeds, saxifragas, sedums, ranun- 
culi, drahas, artemisias, claytonias, and many more. Such is the 
power bf the sun and the consequent rapidity of vegetation, that 
these plants spring up, blossom, ripen their seed, and die, in a Few 
wpks : in a lower latitude woody plants follow these, as berry- 
hearing shrubs, the glaucous kalmia, the trailing azalea, and rhodo- 
dendrons. 

A large proportion of the plants found by Wormskiold in Kamt- 
chatka are European, intermixed with many which are purely 
American. Few European trees grow in Asiatic Siberia, notwith- 
standing the similarity of. climate, and most of them disappear 
towards the rivers Tobol and Irtish. 

In Lapland and in the high latitudes of Russia large tracts are 
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covered with birch-trees, but the pine and fir tribe are the principal 
inhabitants of the north. Prodigious Forests of these are spread over; 
the mountains of Norway and Sweden, and in European Russia 
200,000,000 -acres am clothed with these Conifer® atone, occasionally 
mixed with willows, poplars, and alders. Although tracts of pure 
sand and lime are absolutely barren, yet the soil generally contains 
enough fif alkali to supply the wants of the fir and pine tribes, which 
require ten times less than oaks and other deciduous trees. 

Social plants abound in many parts of the northern temperate re- 
gions, as grass, heathy furze, and broom ; the steppes are an example 
of this on a very extensive scale. Both in Europe and Asia they are 
subject to a rigorous winter, with deep snow and chilling blasts of 
wind ; and as the soil generally consists of a coating of vegetable 
mould over clay, no plants with deep roots thrive upon them; 
hence the steppes are destitute of trees, and even bushes are rare 
except in ravines ; the grass is thin but nourishing. Hyacinths and 
some other bulbs, mignonette, asparagus, licorice, and wormwood, 
grow in the European steppes ; the two last are peculiarly charac- 
teristic. ' 0 

Each steppe in Siberia has its own association of plants ; the Peplis 
and CamphoJfosma are peculiar to the steppe of the Irtish, and the 
Amaryllis tartartca abounds in the meadows of eastern Siberia, whose 
vegetation bears a great analogy to that of north-western America ; 
many genera and species being common to^otli. 

The Siberian steppes are bounded onJ;he south by great forests of 
pine, birch, and willow ; poplars, elms, and Tartarian maple over- 
hang the upper courses of the noble rivers which fipw from the moun- 
tains to the Frozen Ocean ; and on the banks of the Yenessei the Pinus 
Cembra, or Siberian pine, with edible seeds, grows 120 feet high. The 
Altai are covered Jin some patts nearly to their summits with similar 
forests, but on .their greatest heights the stunted larch crawls on the 
ground, and the flora is like that o£ northern Siberia : round Lake 
Baikal the Pinus Cembra grows nearly to the snow-line. 

Forests of black birch are peculiar to Dahuria, where there are also 
apricot and apple trees, and rhododendrons, of which a species with 
yellow blossoms grows in thickets on the hills. Here and everywhere 
else throughout Central Asia are found various species of Caragana. 
a genus eminently Siberian. » 

The elevated mountayi mass of Tibet has the character of *reat 
sterility, and the climate is as unpropitious as the soil; frost begins 
early in September, and continues with little interruption till May ; 
snow, indeed, in some parts, falls every month in the year, though in 
excessively small quantities, owing to the extreme dryness of the 
climate. The air is always dry, because moisture fails chiefly in win- 
ter, in the Form of snow, and in summer it is quickly evaporated by 
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the intense heat of the sun. The thermometer sometimes rises to 144 ° 
of Fahrenheit, and even in winter the direct rays of the sun have 
great power for an hour or two, so that a variation of 100° in the tem- 
perature of the air has occurred in twelve hours. Notwithstanding 
these disadvantages, there are sheltered spots, heated by radiation 
from the dry rocky mountain flanks, which produce most of the 
European grain and fruits, the vegetation being of Siberian cha- 
racter, the species being to a considerable extent identical. The 
most common indigenous plants are Tartarian furze (Caragana), , 
and various prickly shrubs resembling it — gooseberries, currants, 
hyssop, dog-rose, dwarf sow-thistle, and rhubarb. Prangos, an 
umbelliferous plant, with abundant foliage, is peculiar to Ladak 
and other parts of Tibet. Mr. Moorcroft says it is so nutritlbft, 
that sheep fed on it become fat in twenty days. There are three 
varieties of wheat, three of barley, and two of buckwheat culti- 
vated, together with pulses, lucerne, lentils, and spinach. Owing to 
the rudeness of the climate, trees are not numerous, yet on the lower 
declivities of some mountains there are poplars, birch, walnut, 
willows, juniper, hippophai, and Gerard’s pine, whose nuts are eaten. 

The great valley of Tartary north of Tibet is chiefly occupied by 
the Great Gobi and other deserts of Rand, with chains of salt lakes, 
and grassy steppes near the mountains ; but of the flora of these 
regions we know nefthing. * 

FLORA OF BRITAIN AND OF MIDDLE AND SOUTHERN EUROPE. 

% * 

The British islands afford an excellent illustration of distinct 
provinces of animal? and plants, and also of their migrafiotf # from 
other centres. Professor E. Forbes has adopted nve botanical 
districts, the plants of four of which are restricted to limited pro- 
vinces, whilst those of the fifth, which comprehend the greah mass 
of British plants, are everywhere. All of 4 hese, with a very few 
doubtful exceptions, have migrated into the British islands before 
the latter were separated from the continent. The firgt flora, which 
is of great antiquity, includes, that of the mountain districts of the 
west and ’south- west of Ireland, and is similar to that of the north 
and west of Spain. The second flora is that of the south of England 
and the south-east of Ireland, which is different from that in all other 
pariS of the British Islands ; it is intimately related to the vegeta- 
tion of the Channel Islands and the coast gf France opposite to 
them. Th<? third flora appears in the south-west of England, where 
the chalk plants prevail, and the flora is like that on the adjacent 
coast of France. 

The tops of the loftiest British mountains form the fourth class, 
and are the focus of a separate flora, which is the same with that in the 
Scandinavian Alps, and is very numerous. Scotland, Wales, and a 
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port of Ireland received this flora when they were groups of islands' in 
the Glacial Sea, and some few individuals grow on the summits of 
the mountains in Cumberland. The rare Eriocaulon is found in the 
Hebrides, in Connemara, and in Northern Amerfba, and nowhere 
else. The fifth, of more recent origin than the alpine flora, in- 
cludes all the ordinary flowering plants, as the common daisy and 
primrose, hairy lady’s smock, ^upright meadow crowfoot, and the 
lesser celandine, together with our common trees and shrubs; it 
migrated from Germany at a later epoch, but still before England was 
separated from the • continent of Europe by the British Channel. 
It can be distinctly traced in its progress across the island, but the 
migration was not completed till after Ireland was separated from 
Afland by the Irish Channel. This is the reason why many of 
the^ordinary English plants, mammals, and reptiles are not found in 
the sister island, for the migration of animals was simultaneous with 
that of plants, and took place between the last of the tertiary periods 
and the historical epcfch, that of man’s creation. This flora extends 
also over a great part of the continent . 1 

Deciduous trees are the chief characteristic of the temperate zone of 
the whole continent, more especially of middle Europe. Oaks, elms, 
beech, ash, larch, qjaple, lime, alder, and sycamore, all of which lose 
their leaves in winter, are the prevailing trees, occasionally mixed with 
social pines and firs, together with grass pastures and ’extensile 
heaths in some places. c . ‘ 

Evergreen trees* and shrubs, with- shining leaves, become more 
frequent in the southern countries of Europe, where about a fburth 
part tff the woody plants never entirely lose their leaves. . The 
trees and shrubs consist chiefly of evergreen oaks, cypress, horn- 
beam, sweet chesnut, laurel, laurustinus, walnut, maple, manna or 
the flowering a*h, carob. jujube, juniper, pistaccio, which yield 
resin and mastic, arbutus, myrtle, jessamine (yellow and white), 
and various pines, as the Pinus maritima, and Pinus pinea, or 
stone pine, which forms so picturesque & feature in the landscape 
of southern Europe. The most prevalent herbaceous plants Qie Com- 
posite, Grasses, and Caryophylleae, as pinks, Stellaria, and Arenarias ; 
and also tie labiate tribe, mint, thyme, rosemary, lavender, with 
many others, »all remarkable for their aromatic properties and their 
love of dry situations. Many of the choicest plants and flowers which 
adorn the gardens and^grounds in northern Europe are indigenous in 
.these warmer countries: the anemone, mignonette, narcissus, gla- 
diolus, iris, asphodel, amaryllis, carnation, &c. In Spain, Portugal, 
Sicily, and the other European shores of the Mediterranean, tropical 
/amities begin to appear in the Aroideaa, plants yielding balsams, 

1 The British flora contains at least 3000 species, of which about 1400 are 
flowering plants. f 
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oleander, date and. palmetto palms, and grasses of the group of Pani- 
cum or millet, aloes and cactus. In this zone of transition there are 
six herbaceous for one woody plant. . 

FLORA OF TEMPERATE ASIA. 

The vegetation of Western Asia approaches to that of Western 
India at one extremity and North Africa and Eastern Europe at 
the other. Syria and Asia Minor form a region of transition, like 
the other countries on the Mediterranean, where the plants of 
the temperate and tropical zones are united. * We owe many of 
our best fruits and sweetest flowers to these regions. The cherry, 
almond, oleander, syringa, locust-tree, &c., come from ^Vsia Minor ; 
the walnut, peach, melon, cucumber, hyacinth, ranunculus, confb 
•from Persia; the date-palm, fig, olive, mulberry, and damask- 
rose, come from Syria ; the vine and apricot are Armenian ; the 
latter is cultivated everywhere in middle and northern Asia. 
The tropical forms met with in more sheltered places are the sugar- 
cane, date and palmetto palms, acacias, Asclepias jgigantea, and 
arborescent Apocinese. The Nelumbium speciosum* grows in one 
spot five miles from the town of Astracan, and nowhere else in the 
wide domains of Russia ; the leaves of this beautiful aquatic plant 
are often 2 feet broad, and its rose-coloured blossoms are very fra- 
grant. It is also a fiative of lndiaf where it is held Sacred, as it was 
formerly in Egypt, where it is ftvid to be extinct : it is one of the 
many instances of a plant groining in countries ft* apart. 

The plains of Persia are covered with a clayey, sandy, orsalipe soil, 
and the climate is vefy dry ; hence vegetation is poor, and consists of 
thorny bushes, acacias, tamarisk, jujube, &c. Forests of oak cover 
the mountains of Laristan, hut the date-palm *is almost the only 
arborescent produce of the parched shores of the Arabian Gulf and of 
the oases on the Persian plains. In the valleys, which are beau- 
tiful, there are clumps of Oriental, plane and other trees, hawthorn, 
tree-roses, and many of the odoriferous shrubs of Arabia Felix. 

Afghanistan, which for the most part consists of a mass of sterile 
mountains, produces in its valleys the seedless pomegranate, acacias; 
date-palms, tamarisks, &c. The valleys of the Hindoo Coosh pre- 
sent. clover, thyme, violets, and many odoriferous* plants: the 
greater part of the trees in the mountains are of European genera. 

Hot arid deserts bound India on the west, .where the stunted and 
scorched vegetation consists of tamarisks, thorny acacia, deformed 
Euphorbias, and almost leafless thorny trees. Indian forms begin to 
abound east of the Indus, but Syrian and Persian genera and species 
accompany these as far east as Delhi. , 

The Himalaya mountains form a distinct botanical district. Im- 
mediately below the snow-line the flora consists of Arctic, Siberian* 



356 PHYSICAL GEOGRAPHY. Chap. XXIV. 

Alpine, European, and Caucasian forms, amongst which rhododen- 
drons and andromedas are conspicuous. Lower down European 
forms become universal, though the species are Indian. There 
are extensive forests of Coni ferae, consisting chiefly»of Pinus exodsa, 
Pinus deodara, and Smithiana, with many deciduous forest and iruit 
trees of European genera. Herd the scarlet and other rhododendrons 
grow luxuriantly ; walnuts, numerous species of oak, many of which 
attain a great size, and maples. A transition from this flora to a 
tropical vegetation takes place between the altitudes of 4000 and 
6000 feet. On the hot declivities of the mountains, tropical types, as 
Erythrina and Bombpx heptaphyllum,.are common trees, together 
with the Sal' tree, Shores robusta, Dalbergia, and Cedrela, a genus 
allied to mahogany. 

It is remarkable that Indian, European, American, and Chinese' 
forms are united in this zone of transition, though the distinctness of 
species still obtains : the Triosteum, a gemft of the honeysuckle tribe, 
is American ; the Abelia, another genus of the same tribe,, together 
with Camellia and others, are peculiarly Chinese ; the wild thyme is 
European. 1 

The temperate regions of eastern Asia, including Mongolia and 
Manchouria; North China, and Japan, have a vegetation totally 
different from that of any other part of the globe similarly^ituated, 
but closely allied to the temperate Himalayan, and show in a strong 
point of view the distinct character which vegetation ^supp^S. in 
different longitudes In Mancliouria^nd the vast mounraiMdmins 
that slope from the cistern extremity of the high Tartarian table- 
land to the fertile plains in China, the plants ere generally of Euro- 
pean 1 genera, but Asiatic species; in the^h countries the buckthorn 
and honeysuckle tribes are so numerous as to give a peculiar character 
to .th^vegetatiofl. Mixed With these and with %ses are thickets of 
azaleas covered with blossoms of dazzling brightness and beauty. 

The transition zone in this country lies between the 35th jnd 
27th parallels of north latitude, in which the tropical flora is mixed 
with that of the northern provinces. .The prevailing plants, on the 
Chinese low grounds are Glycine, Hydrangea, the camphor laurel, 
Stillingia sebifera or wax-tree, Clerodendron, Hibiscus rosa-sinensis, 
Thuia orientals, Olea fragrans, the sweet blossoms of which are rflixed 
with the finer teas to give them flavour ; Melia azedarach, or Indian 
pride, the paper mulberry, and others of the genus, and Caiflellia sasan- 
qua, which covers hills in the province of Kiong-si. The tea-plant 
and other species of camellia grow in many parts ; the finest tea is 
the produce of a low range of hills from between the 33rd and 25th 
^parallels, an offset from the great chain of Peling. 1 

1 Thea viridis and bohea are possibly only varieties of the same plant ; the 
black tea is strong and hardy, the green a more delicate plant. The quality of 
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The climate of Japan is milder than its latitude would indicate, 
owing to the influence of the surroundiiig ocean. European forms 
prevail in the higji lands, as they do generally throughout the moun- 
tain! of Asia and the Indian Archipelago, with a difference of species. 
The Japanese flora is similar to the Chinese, and contains numerous 
American plants, . besides others of Indian and tropical climates. 
These islands^ nevertheless, have their own peculiar flora. Many 
tropical plants mingle with the vegetation of the Southern Islands. 

the tea depends npon the stage of growth at which it is gathered ; early leaves 
make the best tea, those picked late- in the season give a vgry coarse tea. 
Bohea grows in the province of Fu-kian, hyson in Song-lo. Pekoe, or pak-ho, 
which means white down in Chinese, 'consists of the first downy sprouts or 
leaf-buds of three-years-old plants. A very costly tea of this kind, never 
brought to Europe, and known as the tea of the Wells of the Dragon, is used 
only by persons of the highgpt rank in China. The true Imperial tea also, 
called Flos these, which is not, as was supposed, the flower-buds, but merely a 
very superior quality of tea, seldom reaches Europe ; tfiat sold under this name 
is really Chusan tea flavoured with blossoms of Olea fragrans. The Chinese 
keep tea a year before they use it, because flesh tea has an intoxicating quality 
which produces disturbance of the nervous system. It is a remarkable circum- 
stance that tea and coffee, belonging to different families, natives of different 
quarters of the globe, should possess the same principle — theine mid caffeine are 
in all respects identical — and it is not less remarkable that their application 
to the same use should have been so dSrly discovered by man. Tea was first 
brought to Europe by the Dutch in J610 ; a small quantity came to England 
in 1666, and now the annual consumption of tea in Great Britain is upwards of 
fifty millions of pounds. — Davis, ^China.* *• 

The tea-plant grows naturally in Japan and Upper Assam : it is hardy and 
possesses great power # of adaptation to climate. It has lately •been culti- 
vated* in Brazil and in Algiers, at an expense which renders it unprofitable ; 
but it promises to . be very remunerative in Assam $nd the Lower Hima- 
laya. Tea comes to £urope almost exclusively from China, but the plant 
thrives so well in the north-western provinces of India thgt the Englfeh will 
ultimately compete with the Chinese in producing it, especially for the Tibet 
market. 

The plants with which the Chinesf give flavour to tea are the Olea fragrans, 
Chloranthus inconspicuus, Gardenia florida, Aglaia odorata, Megorium sambac, 
Vitek spicata, Camellia sasanqus and odorifera, Illicium anisatum, Magnolia 
yulan, Rosa indica odoratissima, turmeric, oil of Bixa orellana, and the root of 
the Florentine iris. 
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CHAPTER XXV. 

Flora of Equatorial Asia — Of the Indian Archipelago, India, and Arabia. 

Tropical A/ria is divided by nature into three distinct botanical 
regions : the Malayan peninsula, with the Indiap Archipelago ; India, 
south of the Himalaya, with the island of Ceylon ; and the Arabian* 
peninsula. The two first have strong points of resemblance, though 
their floras are peculiar. 

FLORA OF THE INDO-CHINESE PENINSULA AND THE £NDIAN 
ARCHIPELAGO. 

Many of the vegetable productions of the peninsula beyond the 
Ganges are the same with those of other parts of India, mixed with the 
plants of the Indian Archipelago, sy that this country is a region of tran- 
sition, though if has also a splendid vegetation of peculiar productions, 
dyes of the most vivid hues, spices, Medicinal plants, and many with 
the sweetest perftiwte. ^Jj’he soil in meay places yields three orops in 
the year : the fruits of India, and most of those of China, come to per- 
fection in' the low lands. Various palms adorn the Malayan penin- 
sula : of these the Arang is eminently characteristic of that country ; 
it is an ugly plant, whose stem is covered wjjh black fibres like 
horsehair, sufficiently strong to make cordage. It is cultivated for 
the sugar. and Wine made from its juice. Teak is plentiful ; almost 
all that is used in Bengal comes from the Birman empire, though it 
is less durably than that of the Malabar coast. The Hopea odorata 
is so large that a canoe is made of a* single trunk ; the Gordonia 
integrifolia is held in such veneration that every Birman house has a 
beam of it. 

There are many species of native oak in the forests ; the mimosa 
catechu, which furnishes the terra japonica ; the trees which produce 
varnish and stick-lac ; the glyphyria nitida, a myrtle, the leaves of 
which are used as tea in Bencoolen, called by the natives the tree of 
long life. The coasts are wooded by mangroves, casuarina, and the 
Heritiera robusta, a large tree which thrives within reach of the 
tide ; bamboos with stems a foot and a half in diameter grow in 
dense thickets in the low lands; The Palmyra palm and theBorassus 
flabelliformis grow in extensive groves in the valley of the Irrawaddy : 
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the latter is a magnificent tree, often 100 feet high, remarkable for its 
gigantio leaves, one of which would shelter 12 men. 

The anomalous family of the Cycadeae, somewhat like palms with 
large pinnated le&ves, is found here and in tropical India. Orchideee 
and tree-ferns are innumerable in the woody districts of the pen- 
insula. 

The vegetation of the Indian Archipelago is gorgeous beyond de- 
scription; although it bears a strong affinity to that of the Malayan 
peninsula, tropical India, and Ceylon. The height of the mountains 
causeef variety in the temperature sufficient to admit of the growth 
of dammar pines, oaks, rhododendrons, magnolias, maples, honey- 
suckles, vaccihiuras, and other European orders of woody and herba- 
ceous plants ; yet they have not one species in common with Europe. 

Palm-trees are more abundant 'in these islands than in any other 
part of the world, except America, where a few species are now widely 
spread over the eastern countries. Three species of Areca, attaining 
a height of more than 40 or 50 feet, are cultivated in all the hot parts 
of India ; Caryota urens, the fruit of which, though acrid, yet 
yields wine and sugar, is also a native. The attempt is vain to specify 
the multitudes of these graceful trees, which form so characteristic 
a feature fn the vegetation of these tropical islands, Avhere a rich 
moist soil with intense heat brings them to such perfection. 

Jungle and denBe pestilential # woods entirely dbver the smaller 
islands and the plains of the larger ; the coasts are lined with thickets 
of mangroves, a matted, vegetation of fores^trees* bamboos, and coarse 
grass, entwined with climbing and creeping plants, and overgrown by 
orebideous parasites jn myriads: the gutta-percha is aWa native of 
these alluvial tracts. The forest-trees of the Indian Archipelago are 
extremely numerous ; teak and many of tha continental trees grow 
there, but the greater number are peculiarly their owg. The naturalist 
Bumphius had a cabinet inlaid with 400 "kinds of wood, the produce 
of Amboyna and the Molucca Inlands. 

Borneo and the adjacent islands are the region of tli§ Dryobalnnops 
camphora, in the stems of which beautiful amberrcoloured crystals 
of a remarkable and costly kind of camphor are found. There are 
thickets of the Pandanus or screw-pine, a plant resembling a gigantic 
pine-apple, with a blossom like that of a bulrush, very odoriferous, 
and in some species edible. 

This is the region of spices, which are very limited in their ’distri- 
bution : the myristica moschata (tha nutmeg and mace-plant) is 
confined to the Banda Islands, but it is said to have been discovered 
lately in New Guinea. The Amboyna and the Molucca groups are 
the focus of the caryophyllus aromaticus, a myrtle, the flower-buds of 
which are known as cloves. Various species of cinnamon and cassia, 
both of the laurel tribe, together with peppers, grow in this archi- 
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pelago. AU the pepper-plants require great heat : the common black 
pepper is peculiar to the hottest parts of Asia, extending only a few 
degrees on each side of the equator. In 1842 more than 30,000,000 
pounds weight of pepper were produced in Sumatra 11 alone. Some of 
the most excellent fruits are indigenous here only, as the dourian, 
the ayer ayer, loquat, the choapa of Molucca, peculiar kinds of orange, 
lemon, and citron, with others known only by name elsewhere, 
especially the mangosteen, which is almost peculiar. Those common 
to the continent of India are the jambrose, rose-apple, jack, . pine- 
apple, mango, and the banana. 

Here the nettle tribe assume the most pernicious character, as the 
upas-tree of Java, one of the most deadly vegetable poisons : and 
ev$n the plants resembling our common nettle are so acrid that the 
sting of one in Java occasions not only pain but illness, which lasts 
for days. A nettle in the island of Timor, called by the natives 
the “ Devil’s leaf,” is so poisonous that it produces long illness 
and even death. The chelik, a shrub growing in the dense forests, 
produces a poison even more d&dly than the upas. Som% of the fig 
genus, which belongs also to the natural order of jetties, have acrid 
juices. 

Sir Stamford Raffles describes the vegetation of Java as “ fearful.” 
In some of these forests the air 4s heavy, charged with dank and 
deadly vapours, rarely agitated by a breath of wind ; the soil, of the 
deepest black vegetable mould, always moist and clammy, stimulated 
by the fervid heat cf a tronical sun, produces trees whose stems are of 
a spongy texture from their rapid growth, and loaded withjparasites, 
particularly the orchideous tribes. Tree-ferns form 
of the vegetation of Java and all these islands. * " 

The Rafflesias, of which there are four species, are the most singu- 
lar productions of this archipelago. The most extraordinary one 
was discovered in Sumatra by Dr. Arnold, and therefore is called 
Rafflesia Amoldi. It is a parasitical plant, consisting of nothing 
but a flower, yrhich vegetates in the prostrate stems of a gigantic 
vine. Its buds are the size of an ordinary cabbage, and the flower, 
which smells of carrion, is of a brick-red coIout, 34 feet in diameter. 
It weighs 15 pounds, and the cup in its centre could contain 12 pints 
of liquid. *■#... 

According to Sir Stamford Raffles there are six distinct climates 
in Java, from the top of the mountains to the sea, each having an 
extensive indigenous vegetarian. No other country can show an 
equal abundance and variety* of native fruit and esculent vegetables. 
There are 100 varieties of rice ; and of fragrant flowers, shrubs, and 
ornamental trees the number is infinite. Abundant as the Orchideee 
are in Java, Ceylon, and the Burmese empire, these coifiitries possess 
very few that are common to them all, so local is their distribution. 
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Ferns are more plentiful in this archipelago than elsewhere ; tree- 
ferns are found chiefly between or near the tropics, m damp places. 

INDIAN FLORA* 

Hie plains of Hmdostan are so completely sheltered from the 
Siberian blasts by the high mountain ranges of Tartar and the 
IIipalaya,and heated and watered by the monsoons, that the vege- 
tation at the foot of that range already assumes a tropical cha- 
1 actor. In the jungles and lower ridges of .tfie feitile valleys of 
the ^central and eastern Himalaya, and in tho dark ftcesses of the 
Silhet and Malabar foiests, aibbrescent ferns and oichideous plants 
. aie found m a .profusion scarcely surpassed even m the lsland^of 
the Indian Archipelago The Khasya mountains, south of Assam, 
at the eastern extremity of Bengil, pie sent one of the most varied 
and luxuriant vegetations m the globe. • 

The native fruits of India are many the orange tube is almost 
exclusively of Indian origin, though some of the species* arc now 
. widely spiead ove® the warmer parts of the four continents. Ihc 
vmc grows wild m the foiests , plantain, banana, jamrosc, guava, 
mango, ^date, areca, palmyra, cocoa-nut, and goijcmto palms are all 
Indian. Ihe Scitapunefe, qi ginger tube, are so jiumeious, that 
they form a distinguishing and Jbeauiiful featuie of Indian botany 
they pioduce gingei, caidamoms, and turmeric. . The fioweis pecu- 
liar to India are brilliant m colours 

Trees of the fig tube aie among the most 1 cm ai kablt* \ egetahl c 
productions of Inditf for gigantic size # and peculiuityxif fornf, and 
they are most valuable m a hot climate fiom tl*e shade which their 
broad-spreading tops afford Some tlirow of! shoots fron^ then 
bi inches, winch take root on reaching the ground, .and alter in- 
creasing m gnth with wondeilul rapidity, become themselves inde- 
pendent trunks , and this proee^fe is continued till a foiest is formed 
lound the parent tiee Mi Remwaidt saw m the isl\nd of Simao 
a large wood of the Ficus Benjumna which sprang fiom one stem* 
The Ficus Indica, or Banyan tiee, is another instance of tins wide- 
spreading growth, there is a tiee of it on the banks of the Ner- 
budda, m the piovmcc of Guzerat, with 350 mam stems, occupying 
an area of 2000 feet m cncnmleicncc, independent of its branches, 
which extend much farthei. The banana is a generally useful tree 
m this countty; its fiuit is food, its leaves are applied to many 
domestic purposes, and flax fit for making muslin is obtained from 
its stem. Cotton is a lniry co\enng of the seeds of sevcial species 
of tho mallow tribe which glow spontaneously m tiopical Asia, 
Africa, and America , it is, however, cultivated m many countnes 
beyond these limits. That giown in Clnna and the United states 

it 



362 


PHYSICAL GEOGRAPHY. 


Chap. XXY. 


of America is an herbaceous annual from 18 inchqp to 2 feet high ; 
there are also cotton-trees, native and cultivated, in India, China, 
Africa, and America. Herodotus mentions cotton garments 445 
years before the Christian ora, and the Mexicans and Peruvians 
manufactured cotton cloth before the discovery of America. 

Palms, the most stately and graceful of the vegetable productions 
of tropical Regions, are abundant in India, in forests, in groups, and 
in single trees. The stems of some are of gigantic size, and all are 
beautiful, varying in length from the slender Calamus, 130 /Set 
long, to the Phoenix* apaul is, not more than 3 feet high. Different 
species yield jvine, oil, wax, flour, sugar, thread, and rope ; weapons 
and utensils are made of their stems and leaves ; they serve for the 
construction of houses ; the cocoa-nut palm gives food and drink. 

Though palms in general are very limited" m their distribution, a 
few species are very widely spread ; for example, the cocoa-nut palm 
is found in all the iijtertropical regions of the globe, where it has 
been extensively cultivated from its usefulness. So luxuriant is its 
growth in Ccyk>n, that in one year nearly 3,000,600 of nuts were 
exported. In parts of that island, on the Malabar and Coromandel 
coasts, and ip. some districts of Bengal, the Borassus flabclliformis 
supplies its place. 

The island of Ceylon, which may be regarded as the southernmost 
extremity of the Indian peninsula, is very mountainous, and in luxu- 
riance of vegetable productions rivals the islands of the Indian 
Archipelago, with* the vegetation of which its own has the strongest 
affinity. <vllie species of laurel, the hark of which is cinnamon, is 
indigenous, and is one of the principal sources of the revenue of 
Ceylon. The leaves of a species of palm, the talipot, aro of enormous 
size, and are applied to many uses by the Cingalese : in ancient times 
strips hf the leaf*wore written upon with a sharp style, and served as 
books. The sandal-wobd of Ceylon is of a different species from 
that of the South Sea islands, and its perfume more esteemed. The 
mountains produce a great variety of beautiful woods used in cabinet 
work. 

ABABIAN VEGETATION .• 

The third c division of the tropical flora of Asia is the Arabian, 
■which differs widely from the other two, and is chiefly marked by 
shrubs yielding balsams. Oceans of barren sand extend to the south, 
from Syria through the greater part of Arabia, varied 6nly by occa- 
sional oases in those spots where a spring of water has reached the 
surface ; there the prevalent vegetation consists of grasses, grow- 
ing under the shade of date-palms ; acacias and stunted prickly 
bushes appear here and there in the sand. There is verdure on the 
mountains, and along some of the coasts, especially in the province 
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of Y&nen, which has a flora of its own. Eight species of figs, three 
species of amyris or halm of Gilead, opobalsamum also yielding 
balsam, and t^s kataf, from which myrrh is* supposed to come,*aro 
found in Arabia. Frankincense is said to be the produce of the 
Boswellia serrata; and there are many species of Acacia, among 
others the Acacia rfabica, which produces gum arabic. The chief cha- 
racteristics of the Arabian flora, as distinguishing it from the Indian 
and Persian, are many species and genera of Abyssinian plants, 
among which are found stapelias and other Representatives of the 
Cap of Good Hope flora. # 

Arabia produces coffee, which, however, is. not indigenous, but is 
supposed to have come from the mountains of Abyssinia, and to have 
its name from the province of Kaffa, where it is said to form dense 
thickets. It was introduced into Arabia in the end of the fifteenth 
centuxy, and grows luxuriantly in Arabia Felix, where the coffee is 
of the highest flavour. Most of that now used is the progeny of 
plants raised from seed brought from Mocha to the Botanic Garden at 
Amsterdam in 1690, by Van Hoorn, Governor of Batavia? A plant 
was sent to Louftl XIV., in 1714, by the magistrates of Amsterdam — 
it was ffom this plant that the first coffee-plants were* introduced in 
1717 into the West India islands. A year afterwards ‘the Dutch 
introduced coffee-trees into Surinam, whence they spread rapidly 
over the warm parts of Americ§ and the West India islands. Many 
thousands of people are now employed in its ^cultivation there, in 
Demerara, Java, Manilla, the isle jof iTuuPbon, and other places. 
6,300,000 pounds of coffee-beans were imported into Great Britain in 
1844), and 30,000 tons of shipping were employed iff its transport 
across the Indian and Atlantic Oceans. Coffee was not known till 
many centuries after 4lie introduction* of sugar. The firsi^ coffee- 
house was opened in London in 1652, and the fffst in France-, at 
Marseilles, 1671.* 
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African Flora — Flora of Australia, New Zealand, Norfolk Island, and 
Polynesia. 

The northern coast of Africa, and the range of the Atlas generally, 
may be regarded as a zone of transition, where the plants of southern 
Europe and tropical Africa are mingled with those peculiar to the 
country. The majority of the plants of northern Africa are also 
found in the other countries on the shores of the Mediterranean. Of 
60 trees and 248 shrubs which grow there, 100 only are peculiar to 
Africa, and about 18 of these belong to its tropical flora. There 
are about six times as many herbaceous plants as there are trees and 
shrubs ; and in the Atlas mountains, as in other chains, the perennial 
plants are much more numerous than annuals. Evergreehs pre- 
dominate, and are the same as those on the other shores of the Medi- 
terranean. The pomegranate, the locust-tree, the oleander, and the 
palmetto abound ; and the cistus tribe give a peculiar character to 
the flora. The santlarach, or Callitris ( articulata, peculiar to the 
northern side of the Atlas ifiountains and to Cyrenaica, yields close- 
grained harct timber, used for the ceiling of mosques, and is supposed 
to^be tHe shittim wood of Scripture. The Atlas produces seven 1 or 
eight species of oak, and various pines, especially the Pinus maritima; 
and forests of the Aleppo pine are.found in Algeria. The sweet- 
scented arborescriffi heath aifil Erica scoparia are native here, also in 
the Canary Islands and the Azores. There are 534 phanerogamous 
plants in the Canary Islands ; of these 310 are indigenous, the jest 
African; the Fmus canariensis is peculiar, and also the Dracama 
draco, which grows in perfection hero. The stem of the great 
dracama mentioned by llumboldt, at the Villa Oratava in Tenerife, 
measures 46 feet in circumference at jhe base of the tree, which is 
75 feet high. It is known to have been an object of great antiquity 
in the year 1402, and is still alive, bearing blossoms and fruits. 
Though the group of the Canaries has plants in common with Spain, 
Portugal, Africa, and the Azores, y$t them are many species, and 
even genera, which are found in them only ; and the height of the 
mountains causes much variety in the vegetation. 

On tljp continent south of the Atlas a great change of soil and 
climate takes place ; the drought on the borders of the desert is so 
excessive that no trees can resist it ; rain hardly ever falls, and the 
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scorching blasts from the south speedily dry up any moisture that 
may exist 5 at the base of the mountains, however, the date-palm 
fonfis large forests, which supply the inhabitants with food, and give 
shelter to cro|s which could not otherwise grow. The date-palm, 
eadh tree of which yields from 150 to 160 pounds weight of fruit, 
grows naturally, and is also cultivated, through northern Africa. 1 It 
has been carried to the Canary Islands, Arabia, the Persian Gulf, andl 
to Nice. Stunted pjpnts are the only produce of the desert, yet 
large tracts are covered with the Pennisetum dichotomum, a liarsh 
grass, which, together with the Alhagi maurorum, is a great source 
of food of camels. 

The commoner plants of Egypt are acacias, capias, tamarisks, 
Nymphasa lotus, and amilea, the papyrus, from which probably the 
first substance used for writing upon was made, and which has left it! 
namo to that we now use : also the zizyphus or jujube, and various 
mesembryanthemums. The date-palm is not found higher up the 
Nile than Thebes, where it gives place to the doom-palm, or Cnicifera 
Tfiebaica, peculiar to this district, and singular's being one of the 
few palms that has a branched stem. 

The vegetation of western tropical Africa is known only along 
the coast, where some affinity with that of India nfey l>e observed. 
It presents a remarkable # unifonf!ity, not only in orders and genera, 
..but even in species, from the lGtfl decree of N. lat.* to the river Congo 
in 6° S. lat. The most prevalent orders are the grasses and legu- 
minosa?, the Cyperacese, Rubiacea), and (Jomposike. The Adansonia, 
or baobab of Senegal, is one of the most extraordinary vegetable 
productions ; the ^tem is sometimes 34 feet in diameter, 'though the 
tree is rafbly more than 50 or 60 feet high it covers the plains so 
entirely with its umbrella-shaped top, that ft forest "of these trees 
presents a compact surface, winch at* some distance seem% to he a 
green field. Cape Verde has its name fft>m the numbers that conceal 
the barren soil under their spreading tops ; some of them from their 
size were supposed to he the most ancient vegetable inhabitants of 
the earth ; but their wpod is so soft* that this is very improbable. 
The Pandanus candelabrum, instead of growing crowded together in 
masses like the baobab, stanS solitary on tlie equatorial plftins, with 
its lofty forked branches ending in tufts of long stiff leaves. N umcrous 
sedges give a character to this region, and, along with the grasses, 
cover boundless plains, waving in the wind like corn-fields, while 
other places are overgrown by forests of more gigantic grasses with 
branching stems. 

1 The best dates are those grown near Tozzer in the Beled el Jerid, in lat. 
34° N., a region which, like that of Jericho, also celebrated for its dates, has 
an extremely warm climate, supposed to be owing- to its depression below the 
se^evel. * 
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..Impenetrable thickets of mangrove cover the deltas of the rivers, 
and even growso far into the water that their trunks are coated 
with shell-fish; but the pestilential exhalations render it almostrcer- 
tain death to botanize amid this luxuriance of natures 

Various trees of the Sapota order are peculiar to Africa ; the 
butter-tree of the enterprising but unfortunate Mungo Park, the 
tstar-apple, the cream-fruit, the custard-apple, and the water-vine, 
are plentiful in Senegal and Sierra Leone. safu and bread-fruit 

of Polynesia are represented here by the musanga, a large tree of the 
nettle tribe, the fruit qf which has the flavour of the hazel-nut. A 
few palms have very local habitations, as the Elais guineensis, or 
palm-oil plant, "found only on the coast. That graceful tribe is less 
varied in species in equatorial Africa than in the other tropical con- 
tinents. 

The flora of South Africa differs entirely from that of the northern 
and tropical zones, and as widely from that of every other country. 
The soil at the Cape T)f Good Hope, and of the Karoo plains and 
valleys between the^mountains, is sometimes gravelly, bqt more^fre- 
quently is* composed of sand and clay ; in summer it is dry and 
parched, and most of its rivers are dried up ; it hears but a few 
stunted shrubby some succulent plants and mimosas, along the margin 
of the river-courses. The sudden efllct of rain pn the parched ground 
is like magic ; vegetation is recalled 1 to life,* and in a short time thq 
country is decked with a beautiful an£ peculiar vegetation. 

Several thousand species oilplants have been collected in South Africa. 
Of these, Ericese and Pio&aceaa are two conspicuous orders ; they 
*are very limited in distribution ; hut few are tc\ be seen north of the 
mountains which bound the Great Karoo, and by much Hie greatest 
number of them grow within 100 miles of Cape Town 5 indeed at 
the distance of only 40 miles' the prevailing Proteaceas are different 
from those at that* town. t The Leucadendron argenteuA, or silver- 
tree, which forms groves at the back of Table-mountain, is con- 
fined to the peninsula of the Cape.' The beautiful Disa grandi- 
flora is found only in one particular r spot on the top of Table- 
mountain. 

The dry sand of the west coast and country northward, through 
many degrees of latitude, is the native habitation of stapelias, suc- 
culent* plants with leafless stems, and flowers like star-fish, with 
the smell of carrion. A great portion of the eastern frontier of 
the Cape colony an d* the adjacent districts is covered with extensive 
thickets of a strong succulent and thorny vegetation, called by the 
natives the bush: similar thickets occur again far to the west, on 
the banks of the river Gauritz. The most com mon plants of the Jbush 
are aloes of many species, all exceedingly fleshy and some beautiful : 
the great red-flowering arborescent aloe, and some others, make a 
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conspicuous figure in the eastern pyrt of the colony. Other cha- 
racteristic plant# of the eastern districts are the spek-boem, orPortu- 
lac&ia afra, Schottia specijjsa, and the great succulent euphorbias, 
which grow inlo reai trees 40 feet high, branching like a candela- 
brum, entirely Jeafless, prickly, and with a very acrid, milky jnice. 
The Euphorbia moloformis, three feet in diameter, lies on the ground, 
to which*it is attached by slender fibrous roots, and is confined to 
the mountains of Graaf Reynet. The succulent euphorias, in the 
Old World, represent the Cactus tribe, which belong exclusively to 
the New. Cycadese, having the appearance of a dwarf-palm without 
any real similarity of structure, belongs to the eastern districts, 
especially to the great tract of bush on the Caffir frontier. 

Various species of Acacia are indigenous and much circumscribe# 
in their location: the Acacia liorrida, or wliite-thomed acacia, is 
very common in the eastern districts and in Cafiirland. The Acacia 
cafra is strictly eastern, growing along the margins of rivers, to which 
it is a great ornament. The Acacia detinens, or hook-thorn, is almost 
pectiHar to the Zand valley. 

It appears from the instances mentioned that the vegetation of the , 
eastern districts of the colony differs from that of the western, yet 
many plants of ordci$ and genera found only in this fairt of Africa 
arc generally diffused Nearly all the 300 species of the fleshy suc- 
culent tribe of MeSembiyanthemum, or Hottentot’s fig ; a great many 
beautiful species of the Oxalis, *>r wood-sorrel tribe ; every species of 
Gladiolus, with the cxcepticw of that in ^he coTu-fields of Italy and 
France ; ixias innumerable, one with petals of apple-green colour ; 
gci^mums, especially* the genus Pelargonium, or stork’s* bill, almost 
peculiar to this locality ; many varieties of Gnaphalium and # Xeran- 
themum ; the brilliant Strelitzia ; 133 species df the housc-leek trilje, 
all fleshy, attached to the soil by a strong wiry ypot, and nourished 
more or less from the atmosphere : DioJmfts are widely scattered in 
great variety ; shrubby Boragiyero with flowers of vivid colours, and 
terrestrial Oryhidoai with large and showy blossoms. The leguminous 
plants and the Cruci force of tbo Cape are peculiar ; indeed all the 
vegetation has a distinct diameter, and both genera and species arc 
confined within narrower limits than is usual anywhere' else, without 
any apparent caused account for a disj>evsion*so arbitrary. 

Notwithstanding the peculiarity of character witfi which the botany 
of the Cape is so distinctly marked, it is connected with that of 
very remote countries by particular plants. The affinity with New 
Holland is great: in portions of the two countries in the same 
latitude there are several genera identical : Proteaccse and Restiaccao 
are abundant in both, and cotnparatively very rare elsewhere. Iridea?, 
Leguminosse, Myrtacere, Diosmeco, and some others, are also most . 
characteristic of both floras. 
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The vegetation of Madagascar* though similar in many respects to 
the floras of India and Africa, nevertheless has treat peculiarity. 
*The Hydrogeton fenestralis, or lattiojdeaf, is a singular aqUatic 
plant, with leaves -like the* skeletons of leaves, Having no green 
substance between the veins ; and the Tanghinia veneniflua, which 
produces a poison so deadly that its seeds are usecl to execute cri- 
minals, are natives of this country. » 

Some gapera and species are common and peculiar to Madagascar, 
the Isle of Bourbon, and Mauritius. The three islands are rich in 
ferns. The Pandanus, or screw-pine genus, abounds in Bourbon 
and the Mauritius, where it covers sandy plains, sending off strong 
aerial roots frtfm the stem, which strike into the ground and enable 
the plant to resist the violent, winds. 

Eight or ten degrees north of Madagascar lies the group of the 
Seychelles Islands, in one of which are groves of the peculiar palm 
which hears the double cocoa-nut, or coco de mer, the growth of 
this island only. Its gigantic leaves are employed in the construction 
of houses, and other parts of the plant are applied to ^irious dorifestic 
purposes. 1 

FLORA OF AUSTRALIA. 

The interior of the Australian continent being for the most part 
a desert, .the flofca which has come under* observation is confined 
to a comparatively short distance from the coast; but it is of a 
strange and unexampled character. Several entire orders of plants arc 
known only in Australia, and the genera and species of families that 
grow elgewKiere, here assume new and singular .forms. Persistent- 
leaved* trees, with hard narrow leaves of a sombre, melancholy hue, 
are prevalent, and ftifire are whole shadowless forests of leafless trees ; 
tfie foot-stalks of the leaves,' dilated and set edgewise on the stem,- 
supply their place, and % perform tho functions of nutrition; their 
altered position gives them a singular appearance. Plants in other 
countries have glands on the under side of the leaves, but in Aus- 
tralia there are glands on both sides, of. these substitutes for leaves, 
and the changes of the seasons have no influence on the unvarying 
olive-green of the Australian forests ; even the grasses are to a great 
extent distinguished from those of’ other countries by a remarkable 
rigidity. These features are very much modified along the north 
coast, which presents a less sombre chaiacter ;' but still the contrast 
of vegetation on the south sides of Torres Straits with the luxuriant 
jungle-clad shores of New Guinea, where deep and dark forests are 
rich in more than the usual tropical exuberance, is very great indeed. 

The peculiarly Australian vegetation-is found in the southern part 
of the continent distributed in distinct foci in the same latitude, a 
circumstance of which the Proteacese afford a remarkable instance. 
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Nearly one-fyalf of the known species of this remarkable order grow 
in the parallel cflPFort Jackson, from which they decrease in number* 
bottf to the somth and the north; and the species Qf the south-west 
quarter of the continent are, without an exception, different from* 
those of the eastern. 

The myrtle tribe form a conspicuous feature in Australian vege- 
tation, particularly .the genera fucalyptus, Melaleuca^ Beaufortia, 
and others, some bearing splendid blossoms — white, purple, yellow, 
and crimson : 100 species of the Eucalypti, most of them large trees, 

# grow in Australia ; many of them forming extensive forests. The 
leafless acacias, of which there are 93 sj)ecies, aw a prominent 
feature in the Australian landscaj>e. The genus Casual iya, with its 
strange jointefl diooping branches, holds a conspicuous jflace', it 
is chiefly confined to the piincipal parallel of this vegetation, and 
produces excellent* timber ; it grows also in the* Malayan peninsula 
and South Sea islands. The Epacridesc, with scarlet, rose, and 
wliije blossoms, supply the place of, and very much resemble, heaths, 
which do ‘not exist here ; the purple-flowering Tferoaifdre«e ; the 
yellow-flowering Dilleniacese ; the Doryanthes exoelsa, the most 
splendid of the lily tribe, 24 feet high, with a head of brilliant 
crimson blossoms. 

There is a change on the nortli-eastcm coast of Australia. The 
Castanospermum australe is qg plentiful that it famishes tlie prin- 
cipal food of the natives ; a^aper-tree of grotesque form, having the 
colossal dimensions of the Senegal baobab, and extraordinary tieesof 
the fig genus, characterize this region. It sometimes Occurs here, 
as *in other tropical countries ‘that the seeds of these fig-tftes are 
deposited by birds on the branches of trees 4 that they vegetate and 
enclose the trunk entirely with their jjoots, sending up egormous 
lateral branches, which so completely envelop tflb Jtree, that at last 
•its top alone is visible in the centre of the fig-tree. The Pandanus 
genus flourishes within the influence of the sea-air. There are only 
six species of palms, equally local in their habitations as elsewhere, 
not one of which grows on* the west side of the continent. The 
Araucaria Cunninghamii produces the best timber of any tree in 
this part of Australia. 

The south-western districts of Australia exhibit another focus of 
vegetation, less rich in species than that of Port Jackson, but even 
more peculiar. The Kingia australis rises solitary on the sandy 
plains, with tufts of long grassy leaves at the extremities of the 
bare trunks, which are blackened as if scathed by lightning, hut in 
reality by thfl fires of the natives ; Banksias are numerous ; the 
Stylidium, whose blossoms are even more irritable than the leaves 
of ther sensitive mimosfi ; and plants with dry, everlasting blossoms, 
characterize the flora of these districts. The greater part of the 
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southern vegetation vanishes on the northern Roasts of the continent, 
2nd what remains is mingled with the cabbage-palraj various species 
of the nutmeg tribe, sandal-wdod, and other Malayan? forms-*& cir- 
cumstance that may hereafter be of importance to our colonists. 

Orchideae, chiefly terrestrial, are in great variety in the extra- 
tropical regions of Australia* Reeds of gigantic size form forests 
in the marshes, and the kangaroo grass covers the plains. 

Beautiful and varied as the flora is, Australia is by no means 
luxuriant. There is }ittle appearance of verdure, the foliage is poor, 
the forests often shadeless, ancf the grass thin ; always excepting the 
valleys 'of the 4 eastern mountains, and even on some parts of the 
plains, wh$re the vegetation is vigorous. 

The flora of Tasmania is almost identical with that of South- 
Western Australia, especially the mountains of the Victoria colony. 
The plains glow with the warm golden flowers of the silver wattle, 
an acacia, the emblem of the island. Only one tree-fern grows 
in this country ; it rises 40 feet to the base of the fronds, which 
spread into an vlcgant top, producing a shadow gloomy as night- 
fall ; and there are also numerous species of orchideae. 

The botany of New Zealand appears to be allied to that of 
Australia, South America, and the Pacific Islands. Noble trees 
form impenetrable forests, 60 of vhich yield timber, and many are 
of kinds to which we have nothing similar. Here there are no repre- 
sentatives of our oak, bircli, or willcny, but five species of beech 
and ten of Coniform have been discovered that are peculiar to the 
country. The Kauri pine, or Dammara australis, is found only in 
the North Island, where it grows fii hilly situations, shooting' up 
with a clean stem 6(Xor 90 feet, sometimes 10 feet in. diameter, with 
a spreading but thin top, aqjl generally has a Quantity of transparent 
yellow resin imbedded at t its base.** This fine tree does not grow 
beyond the 38th degree of S. lat. ’The Metrosideros tomentosa, with 
rich crimson blossoms, is one of the greatest ornaments of the coasts ; 
and other species of the genus abound in tjie forests. One palm only 
inhabits New Zealand, the Arecasapida* This country is probably 
the southern limit of the orchideous plants that grow on trees. 
Before New Zealand was colonifed, the natives used the roots of 
the edible fern, pteris esculenta, with which some parts of tho 
country is densely covered. More than 120 species of fern are 
natives of these islands, some of which are arborescent and 40 feet 
high; the country also produces the New Zealand flax, phor- 
mium tenax, which grows abundantly both on the mountains and 
plains. * ** 

In Norfolk Island 152 sfx>cies of plants are already known. The 
Cape gooseberry or physalis edulis, the guava-tree, and lemonMirecs, 
arre introduced ; also the bread-fruit tree, which blossoms, but does 
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not bear frui^ The Araucaria excels and some palms are indi- 
genous, and *therfe are three times as many ferns as of all the other 
plant# together* 

The multitude of islands of Polynesia constitute a botanical region 
apart from all others. The cocoa-nut palm and the pandanus arc 
common to all, but the latter thrives only # when exposed to tfie 
sea-air. This archipelago produces Tacca pinnatiflda, which ^yields 
arrowroot ; the Morus papyri fera, whose bark is manufactured into 
paper ; and one of the Arum tribe, from which an intoxicating liquor 
is made. Fifty varieties of the bread-fruit* tree are indigenous, 
which produce three or four crops annually. It is most abundant 
in*the, Friendly, Society, and Caroline groups, whence it has been 
taken to America, where it thrives in very low latitudes. 

The Sandwich group is peculiar in the number of Lobelias ; while 
the Coral islands, whose flora is entirely borrowed, rarely have two 
species belonging to the same genus ; the fragrant suriana and sweet- 
scented Tournefortia are among their scanty vegetation. 

The two species of banana-trees which are ^natives of southern 
Asia have been introduced at an unknown and probably early period 
into the Polynesian islands, and all tropical countries in the eastern 
and western hemispheres. Syria is their northern limit, where the 
Musa paradisaica grows to 34° N.ilat. The sweet fruit of these trees 
produce^ on the same extent ^>f ground, 44 times as much nutri- 
ment as the potato, and 133^ times more than wjie&fc. 

St. Helena, the Sandwich"group, New Zealand, Juan Fernandez, 
and above all the Galapagos islands,, are more peculiar ij* their floras 
than an# other traces of their size. The Galapagos archipelago con- 
sists of 10 principal islands lying immediately under the equator, 
600 miles from the coast of America.* Tlfey are entirely volcanic, 
and contain 2000 extinct craters. The ^getation^s^o peculiar that, 
of*180 plants which \iave lieen collected, lot) are found nowhere else ; 
of 21 species of Composite all* but one arc indigenous, and belong 
to 10 genera, 8 of which are exclusively confined to these islands. 

This flora has no analogy with that of Polynesia, but it bears, a 
double relation to the flora of South America. -The plants peculiar 
to the Galapagos islands are for%he most part allied to those on 
the cooler part of the continent or on high* lands, while the otheis 
are the same with those that abound in the hot damp intertropical 
regions of the continent.* The greatest number of peculiar plants 
grow on the tops of the islands where the sea vapour is condensed, 
and many of them are confined to some one islet of the group. 
Though this flora is singular, it is poor compared with that of the 
Sandwich group, or tye Cape de Verde Islands. 
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CHAPTER XXVII. 


American Vegetation — Flora of North, Central, and South America — Ant- 
arctic Flora — Origin and Distribution of the Cerealia — Ages of Tr&s — 
Marine Vegetation. 

• ^ * 

From similarity of physical circumstances the arctic flora of ^nicsica 
bears a strong resemblance to that of the northern regions of Europe 
* and Asia. This botanicardistrict comprises Greenland, and extends 
considerably to the south of the arctic circle, especially at the eastern 
and western ends of the continent, where it reaches the 60th parallel 
of N. latf and even more ; it is continued along the tops of the Kocky 
Mountains almcst to Mexico, and it re-appears on the White Moun- 
tains and a few other parts of the Alleghanies. 

Greenland Jias a much more arctic flora than Iceland ; the valleys 
present numerous mosses and marsh-plants, the gloomy rocks are 
sprinkled with sombre lichens, rand the grasses on the pasture- 
grounds that line the fiords are nearly four times less varied than 
those of Iceland, £n some sheltered spots the service-tree bears 
fruit, and birches grow td the height*' of a few feet ; but ligneous 
plants in general trail on the* ground. 

The- arctic fora of America has much the sanfe character #ith4hat 
of Europe and Asia l(l and most of the species are common to all ; but 
there is a difference in the vegetation at the two extremities of the 
continent; there* nr e 30 species irv the east and 20 in the west 
which are not common t6 both. The sameness of character changes 
with the barren treelees lands at the verge of the arctic region, 
where the distribution of plants varies both with the latitude and 
the longitude. Taking a broad view of the botanical districts of 
North America, there are two woody regions, one on the eastern, the 
other on the western side of the Abutment, separated by a region of 
prairies where grasses an*d herbaceous plants predominate. The vege- 
tation of these three parts, so dissimilar, varies with the latitude, 
tbit not after the same law as in Europe, for the winter is much 
colder and the summer warmer on the eastern coasts of America than 
on the westefn coast of Europe, owing in a great measure to the 
prevalence of westerly winds which bring cold and damp to our 
shores. 

Boundless forgets of black and white spruce, with an undergrowth 
of reindeer moss, cover the country south of the arctic region, which 
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still further south' are afterwards mixed with other trees. There 
are vast forests in Canada of pines, oak, ash, hickory, -red beech, 
birch r the lofty Canadian poplar, sometimes 100 feet high and 36 
feet in circumference, and sugar-maple ; the prevailing shrubs are 
Kalmias, azaleas, and asters, the former vernal, the latter autumnal ; 
solidagos and asters are the most characteristic plants of this region. 

The splendour of the North American flora is displayed in the 
United States; the American sycamore, chesnut, black walnut, 
hickory, white cedar, mid cherry, red birch, locust-tree, tulip-tree or 
Liriodendron, the glory of American forests, fiquidambar, oak, ash, 
pine-trees of many species, grow luxuriantly, with an undergrowth 
of Rjmdodendrons, Azaleas, Andromedas, Gerardias, Calycanthus, 
Hydrangea, and many more of woody texture, with an infinite 
variety of herbaceous and climbing plants. 9 

The vegetation is different on the two sides of the Alleghany 
mountains; the locust-tree, Canadian poplar, Hibiscus, and. Hy- 
drangea, are most common on the west side ; the American chesnut 
and Kalmias are so numerous on the Atlantic side^as to give a dis- 
tinctive character to the flora : here, too, aquatic planfs are more 
frequent ; among these the Sarracenia or side-saddle flower, singular 
in form, with leaves like pitchers covered with a lid, hftlf full of water. 

The autumnal* tints of the forests in the States aro beautiful 
and of endless variety ; the dam leaves of the evergreen pine, the 
red foliage of the -maple, t hi yellow beech, the scarlet oak, and 
purple Nyssa, with all thbn* intermediate tint*, ever changing with 
the light and distance, produce an effect at sunset thqf would asto- 
nish the native of d country accustomed Jo a- more sober-coloured 
fldfca under a more cloudy sky. 

In Virginia, Kentucky, and the southern ^States the vegetation 
assumes a different aspect, though many plants of more# northern 
districts are mixed with it. Trees ana .dirubs hete are remarkable 
for broad shining leaves splendid blossoms, as the Gleditschia, 
Catalpa, Hibiscus, and the family of Magnolias. They are the dis- 
tinguishing feature of the flora from Virginia to the Gulf of Mexico, 
and from the Atlantic to the Rocky Mountains : the Magnolia grandi- 
flora and the tulip-tree aro the most splendid specimens of this tribe 
of plants ; the latter is often 120 feet high. The long-leaved pitch- 
pine, one of the most picturesque of trees, covers an arid soil on. 
the coast of the Atlantic, of 60,000 square miles. The swamps so 
common in the southern States are clothed with^the gigantic deci- 
duous cypress, the aquatic oak, and swamp hickory, whilst the rare 
and magnificent Nelumbium Iuteum and other aquatics grow there ; 
and among the innumerable herbaceous plants the singular Dionsea 
muscipula, or American fly-trap : the trap is formed by two oppo- 
site lobes of the leaf, edged with spines, and so irritable that they 
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instantly close upon the insect that lights upon them. This Magnolia 
region correspond j in latitude with the southern shores of the Medi- 
terranean! but the climate is hotter and more humid, in consequence 
of which there is a considerable number of Mexican ‘plants. A lew 
dwarf-palms appear among the Magnolias, and the forests in Florida 
and Alabama are covered with Tillandsia usneoides, an air-plant, 
which hangs from the boughs. 1 

Many species of grass cover the extensive prairies or steppes of 
the valley of the Mississippi. The forms of the Tartarian steppes 
appear to tlio north in tha Centaureas, Artemisias, Astragali ; but 
many moje are peculiar. The Helianthus and Coreopsis, mixed 
with some Eutopean genera, „ mark the middle regions ; and in the 
south, towards the Rocky Mountains, Clarkia and Bartoflfci aro 
mixed with the Mexican genera of Cactus and Yucca. The western 
forest is less extensive and less varied than the eastern, but the trees 
are larger. This flora in high elevations is hut little known : the 
Thuia gigantea on the" Rocky Mountains and the coast of the Pacific 
is 200 feet high. Olaytonias and currants, with plants of northern 
Asia, are found lfere. • • • 

Farther west the Pinus Lambertiana is another instance of the 
stupendous trees of this flora ; many species of pine are indigenous 
in California, among which is .the mammoth tree, or Wellingtonia 
{Sequoia gigantea ), which attaint 300 feet in height and 100 in 
girth, and some plants of which are supposed to be 2000 years old. 
This is the native! sisil of t)ie currant-bushes with red and yellow 
blossoms, of many varieties of lupins, pseonies, escholzias, and other 
herbaceous plants so ornamental in our gardens. , 

Amongst th6 native fruits of North America the hickones are 
the most celebrated, atid there are many of these ; to which may he 
added, ip the Southern States, the Chicasa plum, the papaw, the 
banana, the red mulberry . * a'Ad the plumlike fruit of the persimon. 
There are several species of wild grapes, of which one produces 
an excellent wine, and is largely cultivated. America has con- 
tributed much to the ornament of our pleasure-grounds and gar- 
dens, and has also borrowed largely from other parts of the globe. 
Tobacco, Indian corn, and many other plants of the utmost com- 
mercial value, $ue ^strangers to the soil, liaving been introduced by 
the earliest inhabitants from Mexico and South Am erica. 

FLOgA OF MEXICO AND THE WEST INDIES. 

Mexico itself unites the vegetationjof North and South America, 
though it resembles that of the latter most nearly. Whole provinces 

1 Of 2891 species of flower-bearing plants in the United States of North 
America, ‘there are 385 found also in northern and temperate Europe. 
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on the *tat>ie-land and mountains produce alpine plants, oaks, ches- 
nuts, and pines spontaneously. 

The lowland#, of .Mexico a^d Central America have a very rich 
flora, consisting of many plants peouliar to them. The Hymenea 
Cowrbaril, from which the copal of Mexico is obtained, logwood, 
mahogany, tod many other* large trees ,• valuable for their timber, 
grow in the forests; sugar-cane, tobacco, indigo, American aloe, 
yam, capsicum, and yucca are indigenous in Mexico and Central 
America. It abounds in species of the Mclastomas and Passiflorse. 
The pine-apple is entirely American : it has been carried to and natu- 
ralised in all the tropical countries of the Old World. # This country 
also pjpduces the cherimoya, said to be the most excellent of fruits. 
Much of the vanilla that is used in Europe comes from the states of 1 
Vera Cruz and Oaxaca* on the eastern slopes of the Cordillera of Ana- 
huac in Mexico. Hot arid'tracts are covered with the Cactus tribe. 
They are social plants, inhabiting sandy plaijis in thickets, and of* 
many, species : their forms are various and their blossoms beautiful. 
A few occur at a considerable distance from the tropics, to the north 
and the south. An - opuntia grows in the Rocky Mountains ; hnd 
Sir George Back found a small island in the Lake of the Woods 
covered yrith it. In Mexico the cochineal insect was* collected from 
the Cactus coccingllifcr long befo^jp the Spantsh conquest. There are 
large fields of American aloe, from which a fermented* liquor called 
pulque, and also an ardent spirit, arc made. The ancient Mexicans 
made their hemp from this* plant, arid also yicfr paper. The forests 
of Panama contain at least 97. different kinds of trees, % which grow 
luxuriantly in a Climate where the* torrents of rain^are so /avour- 
able fb vegetation, and so unfavourable to life that the tainted air 
is deadly. . • . 

Maize or Indian com is believed to^have ccwne originally from 
Mexico and South America. It is an annual requinng only summer 
heat ; its limit is 50° N. in the American contfhcnt,^and 47° N. in 
Europe ; it ripens at an elevation of 7600 feet in low latitudes, and 
in the lower 'Pyrenees at tile height of 3289 feet. 1 

The flora of each West Indian island is similar to that of the cbn- 
tinent opposite to it. The Myrtus pimento, producing allspice 
the Custard-apple, Guava, Alligator pear, and 'jpbacco are indige- 
nous. * 

FLORA OF -TROPICAL AMERICA. 

The flora of tropical America is so varied that it is not possible to 
convey an idea of the peculiarities of this vegetation, or of the extent 
and richness of its woodlands. The upper Orinoco flows for some 

’ 1 In the island of Titicaca, in Peru-Bolivia, Mr. Pentland has seen a variety 
of maize ripen as high as 12,800 ffeet. 
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hundred miles chiefly through forests ; and the silvas of the Amazons 
are Bix times % size of France. In these the trees are colossal, 
and the vegetation so matted together by underwood, creeping and 
parasitical plants, that the sun’s rays can scarcely penetrate the dense 
foliage. * # 

These extensive forests ^ire by no means uniform ; they differ on 
each side of the equator, though climate and other circumstances are 
the same. Venezuela, Guiana, the banks *of the Amazon, and Brazil, 
are each the centre of a peculiar flora. So partial is this splendid 
vegetation, that each of the great rivers has a flora of its own ; 
particular families of plants predominate where they occur, and 
change the appearance of the forest. Thus, from the prevalence of 
the orders Laurincse, Sapotaceae, and others, which have leathery, 
shining, and entire leaves, the forests through which the Rio Negro, 
Cassiquiare, and Atabapo flow, differ in Aspect from those in the other 
affluents of the Amazons. Even the grassy llanos, so uniform in 
appearance, have their centres of vegetation, and only agree with the 
pampas of t Buenps Ayres in befog covered with grass and herbs. 

On the Andes, almost at the limit of vegetation, the grourid is covered 
with purple, azure, and scarlet Gentians, Drabas, Alchemillas, and 
many other brilliantly coloured alpine plants. This zone is followed by 
thickets of coriaceous-leaved plants in perpetual bloom and verdure ; 
and then come the forest- trees. Arborescent ferns ascend to 7000 
feet ; the coffec-treps and palms to 5061) ; and neither indigo nor cocoa 
can he cultivated lotter^hart 2000. Thc*£rcc yielding cbcoa, of which 
chocolate is ynadc, grows wild in Guiana, Mexico, in the inland forests 
of Peru and Bolivia, and on the' coast of the Caraccas ; it is now cul- 
tivated in Central and South America, and in the Philippine islands, 
where it was introduced 1 by the Spaniards. The seeds of its fruit, 
which it like a cucumber, are the cocoa br chocolate bean. 

Many parts of the coast' of Venezuela and Guiana are rendered 
pestilential bj^swantps covered with ^man groves. The well-known 
poison Ourari ok Wourali is prepared by 'the Indians of Guiana from 
the fruit and hark of the Strychnos to&icaria, than which nature 
haS probably produced no plant more’ deadly. If is a creeping 
.plant which yields this deadly jhicc, the powerful effect of which 
was proved by *M^ Water ton’s experiments. 

The Cinchona, or true bark-tree, grows only on the Cordillera of 
the Andes. 1 Some of its medicinal .qualities are found in other 

m 

1 Dr. Weddell, a very distinguished botanist, employed by the French 
government, who has recently returned from an exploration of the dis- 
tricts of the Andes which furnish the Peruvian bafk of commerce, has dis- 
covered several new species of Cinchona, the total number of which, according 
to his beautiful ttionograph, now amounts to 21. — (Weddell, 1 Histoire Natu- 
lelle des Quinqttintfc,* I vol. folio, ayec 34 planches, Paris, 1849.) 
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plants of different genera in. Guiana, as the Cusparia, which 'pro- 
duces the Angostura bark. The Sapindus saponaria, or soap-tree, 
is used by the natives for washing. Capsicum, vanilla,* and the 
cassava or matidioc, are natives of the. country. There are two 
kinds of mandioc, a shrub whose fleshy roots yield a farina eaten 
by the natives of Spanish America and Brazil : the root of one is 
harmless, but the other ( 4 be Mandioca brava of the Brazilians) con- 
tains a poisonous milky jpice, the effects of which are removed by 
the washing or pressure of the pulp. It grows to about 30° on each 
side of the equator* and to 3200 feet above the sea-level. An acre 
of mandioc is said to yield as much nourishment as six acres qf 
wheat. 

Arrowroot is native in South America ; it has been transported 
to the West Indies and Ceylon. The flour is the produce of the 
underground stem. The plant is said to owe its nam^p the belief of 
its being an antidote to the poison of the arrows of the Indians. The 
cow-tree, Almost confined to the mountains of £hc coast of Venezuela, 
yields an abundance of nutritious milky juice like that of a cow, 
which is preserved in gourds. The chocolate plant, or* calJbao-tree, fruits 
of the most excellent flavour, and plants yielding balsam,, resin, and 
gum, are numerous in the tropical regions. There the laurel -tribe 
Assume the character of majestic trees ; some are so rich in oil, that it 
gushes .from a wound in the bark? One of these lahrels produces the 
essential oil which dissolves caimtchouc, or Indian rubber, used in 
rendering cloth waterproof.* • 

Palma, areathe most numerous and the most beautiful of all the 
trqps in these countries. There ara 90 species of them ; and they 
are so local that a change takes place every 50 miles.* They are the 
greatest ornament of the upper Orinoco. • * 

The llanos of Venezuela and Guiana are covered with high grass, 
mixed with lilies and other bulbous floVaas, sensitive mimosas and 
# palms constantly varying in secies. ‘ • .• 

No language can describe the glory of the forest^ of the Amazon 
and Brazil, the endless variety of form, the contrasts of colour and 
size : there even the largest trees l>ear brilliant blossoms ; scarlet, 
purple, blue, rose-colour, and golden yellow, are blended with every 
possible shade of green. Majestic frees, as the Bombax ceiba (or 
silk-cotton tree), the dark-leaved mora with its white blossoms, 
theiig, cashew, and mimosa tribes, which are here of unwonted di- 
mensions, and a thousand other giants of the forest, are contrast*#! 
with the graceful palm, the delicate acacia, reeds of 100 feet high, 
grasses of 40, and tree-ferns. Passiflorm and slender creepers twine 
round the lower plants, while others as thick as cables climb the lofty 
trees, drop again to the ground, rise anew and stretch from bough to 
bough, wreathed with their own leaves and flowers, yet intermixed 
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’wiAj t|^^vf4|y^lcnired blossoms of the Orchide®. An impene- 
everlasting vegetation * covers the ground; decay and 
death, art concealed by the exuberance of life ; the trees are loaded 
with parasites while alive^hey become masses of lining plants when 
they die. Here too occurs the Slphonia elastics, that invaluable 
tree whose juice, known under the -name of caoutchouc, has become 
one of the most important substances in qgmmerce. 

The palm-treQs are the glory of the ^forest : 81 species of these 
plants are natives of the intertropical parts of Brazil alone ; they are 
of all sizes, from such as have hardly any stem to those that rise 130 
^eet. 1 * * * * * In those parts of Brazil less favoured by nature the forest 
consists of stinted deciduous trees, and the boundless plains have - 
grasses, interspersed with shrubs. 9 

The forests on the banks of the Paraguay and Vermejo are almost 
as rich as thego of the tropics. Noble trees furnish timber andTruifc ; 
the algaroba, a kind of acacia, produces clusters of a bean of which 
the Indians make bfead, and also a strong fermented liquor; fo- 
rests of the Copemicia cerifera, or wax-palm, grow there ; and the 
yerba-mate, th£ leaves and twigs of which are universally used as 
tea in South America, and were in use before the Spanish conquest. 
It is a speciesrof holly, with leaves three inches long. 

The sandy deserts towards the mountains are the land of theC&0tti)3 
in all its tfarieti^s. Some larged species of cactftft give# ljght and 
durable timber for building ; and tjie cochineal insect, which feeds 
on one of them, i& a valuable article ofc commerce. 

ITjLORA OF EXTRATROPICAL SOUTH AMERICA. 

Grass, clover, Euiopean and African thistles, which have been 
introduced, are the almost unvarying features of the pampas ;<and 
thorny stunted bushes, characteristic of all deserts, are*the only vege- 
tation pf the Patagonian shingle. Jlut in the mountain valleys in* 
the far south gpay be seen the winter's-bark, beech-trees, stunted « 
berberries, and numerous trees and shrubs. 

• Large forests of Araucaria imbricata grow on the sides of the 
Andes of Chile and Patagonia. This tall and handsome pine, with 
cones the size «of a child's head, supplies the natives with a great 
part of their food. It is said that the fruit of one large tree will 
maintain eighteen persons for a year. 

1 Professor Martius, of Munich, in his great work on Palms, has described 

500, accompanied with excellent coloured plates. It is supposed that the 

number of species throughout the world amounts to 1000. • 

9 There are innumerable points of analogy between the" vegetation of the 

Brazils, equinoctial Africa, and India; but the number of species common to 

these three continents is ver} small. 
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Nothing grows under these great forests ; and wbemaecidentally 
burnt down in the mountainous pkrts of Patagonia, they never rise 
again, but the ground they grew on is soon covered with animpenetrable 
brushwood of other plants. In Chile the violently stinging Loasa 
appears first in these burnt places, bushes grow afterwards, and then 
comes a tree-grass, 18 feet high, of which the Indians make their 
Juts. The vegetation that springs up After the burning of so-called 
primeval forests is difficult, of explanation,; it is accounted for by 
some on the hypothesis ‘that seeds of the plants in question had 
remained for ages buried in the soil, but by more* cautious naturalists 
it is attributed to the agency of the animal creation and winds, 
which are 'ever transporting seeds to localities favourable to their 
propagation. 

The southern coasts of Chile are very barren, and all plants exist- 
ing there, even the herbaceous, have a tendency to assume a hard 
knotty texture. The stem of the wild potato, which is indigenous 
in Chile, becomes woody as it grows old. It is a native of the sea- 
strand, and is never found naturally more than 400 feet above it. 
In its wild state the tuber is small and bitter ; it is one of many 
instances of tho influence of cultivation iii rendering unpromising 
plants useful to man. It was cultivated in America at the time of 
its discovery, and is so now, at the height of from 9800 to 13,000 
feet above *the sea* on the Andes, ^nd as high as ^800 feet on the 
Swiss Alps ; it rarely succeeds %>n the plains in hot countries, nor 
farther north than Iceland. *Jt had been in trod teed into Europe by 
the Spaniards before the time of Sir Walter .Raleigh; he^ brought it 
to England from Yiigmia in 1586. 

Coca, the Erythroxylon coca of botanists, is a native of the tropical 
valley sforit the eastern declivity -of the Andes <tf Peru and Bolivia, 
where it is extensively cultivated for its leaf, of ^hich the t^e fur- 
nishes three’ or four crops annually ; th^«*ca-leaf, which possesses 
nutritive qualities, is chewed by the aborigines mixed with an alca- 
line substance : it aflfays hunger, and enables the Indian to undergo 
great fatigue for days together without any other nourishment ; it is 
an article of great tfade, being universally used by the aboriginal 
population of the Andes, and absolutely indispensable in the more 
laborious professions, such as that of the miner. 
w Between the southern parallels of 38° and 45° Chile is covered 
with extensive forests— stately trees of many kinds, having smooth 
and brightly-coloured trunks bound together by parasitical plants ; 
large and elegant ferns are numerous, and arborescent grasses entwine 
the trees to the height of 20 or 30 feet ; palm-trees grow to the 37th 
parallel of lat^ude, which appears fo be their southern limit. ' 

* Although the flora, at an elevation of 9000 feet on the Chilian 
Andes, is almost identical with that about the Straits of Magellan, 
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yet the climate is so mild in some valleys, that of Antuco, for ex- 
ample, that the vegetation is semi-tropical. In it broad-leaved and 
bright-coloured plants, and the most fragrant and bjilliant Orchideae, 
are mixed with the usual alpine genera. 

The humidity or dryness of the prevailing winds makes an immense 
difference in the character of the countries on each side of the Andes. 
Within the southern tropic the trade-winds come loaded with vapoiy 
from the Atlantic, which is partly precipitated by the mountains 
of Brazil, and supplies the noble forests of that country with never- 
ceasing moisture, while the remainder is condensed by the Andes ; 
so that on their eastern side there is an exuberant vegetation, while 
on the western declivities and in the space which separates them 
from the Pacific the land is almost barren, and on the plains and 
the valleys of Peru, where rain very seldom falls, completely so, 
except where artificial irrigation is employed. Even on the eastern 
side of these mountains the richness of thp vegetation gradually 
disappears with tlio* increasing height, till at an elevation of about 
15,000 feet arborescent plants vanish, and alpine races, of the most 
vivid be&uty, "succeed ; these in their turn give place to grasses 
at the height of 16,000 feet. Above that ‘limit are dreary plains 
where even «tlie thinly-scatt ered mosses are sickly ; and at a height 
exceeding 20,000 feet the snow-lichen forms the last show of vege- 
table life on thd rocky peaks projecting from the snow. 

ANTARCTIC Flt)RA. 

Kerguelfen’s Land and Tierra del Fuego ara the northern boui^ary 
of thb antaibtic lands, which are scattered round the south pole 
at immense distances, from one another. On these the ‘vegeta- 
tion decreases as the latitude increases, till all but utter desolation 
prevails, long *before r^iAiing the Polar circle; beyond this not . 
a lichen covers the drqpry storm-beaten rocks; and, with the ex- 
ception of a few microscopic marine plants, flbt a seaweed lives in 
the gelid waves. In the arctic regions, pn the contrary, no land 
has yet been discovered that is entirely destitute of vegetable life. 
This remarkable difference .does not so much depend *on a greater 
degree of colej in winter as on the want of warmth in summer. . In 
the high northern latitudes the power of the summer sun is so great 
as to melt the pitch between the planks of the Vessels ; while in cor- ' 
responding southern latitudes the thermometer does not rise above 
14° Fahr. at noon at a season corresponding to our August. The 
I>erpetual snow reaches to a much lower latitude in the southern 
lands than it does in the north. Sandwich Land, in latitude cor- 
responding to that of the north of Scotland, is in parts’ perpetually^ 
covered with snow. A single Species of grass, the Aira an tare 
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tica, is the only flowering plant in the South Shetland group, which 
are no less ice-bound ; and Cockbum Island* which forms apart of it, 
in the 60th parallel, contains the last vestiges of vegetation ; while 
the Shetlands in our hemisphere, in an equally high latitude are 
inhabited and cultivated : nay, South Georgia, in a latitude similar 
to that of Yorkshire, is always clad in frozen snow, and only produces 
some ibosses, lichens, and one or two herbaceous plants ; while Ice- 
land, 10 degrees nearer tliejpole, has 870 species, more than half of 
which are flower-bearing. * m 

The forest-covered islands of Tiorra del Fuega afe only 360 miles 
fromethe desolate South Shetland group. Such is the difference that 
a few degress of latitude can produce in these antarctic fbgions, com- 
bined with an equable climate and excessive humidity. The preva- 
lence of^vergreen plants is the most characteristic feature in the 
Fuogian flora. Densely tangled forests of beech-trees grow from 
the shore to a considerable height on the mountains. Of these the 
Fagus betuloides, which never loses its leaves, prevails almost to the 
exclusion of the evergreen winter’s bark and the deciduous beech, 
which is very beautiful. There are dwarf species* of Pfernettya, 
the Myrtus nummularia, which is used instead of tea, besides 
berberry, currant, and fuchsia; peculiar species oi Ranunculi, 
Calceolarias, Caryophylleae, cruciform plants and violets. Wild 
celery and scurvy'- grass are ab Midant • and a •bright yellow 
fungus, which grertvs on the bo^ph-trccs, forms a great part of the 
food of the natives. There is a greater nuyiber of plants in 
TJerra del Fuego either identical with tho$u* in Great Britain, 
or representatives ofipthem, than exists in any other country in tile 
southern hemisphere. The sea-pink, or thrift, the cdhimon fcrow- 
berry-wort, Primula farinosa, and at least 3Q othsr flowering plants, 
with almost all the lichens, 48 mosses, and many other plants # of the 
cryptogamous kind, are identical, whilb.jjie number of genera 
common to both countries, though unknown in the intermediate 
latitudes, reappear here. An alpine flora, many of the species of 
European genera, grows on the mountains, succeeded "higher up by 
mosses and? lichens. 

Although the Falkland Islands are in a lower latitude than Tierra 
del Fuego* not a tree is to be seen. The Veronica elljptica, resem- 
bling a myrtle, which is extremely rare and confined to West Falk- 
land, is the only large shrub. A white-flowering plant like the 
aster, about four feet high, is common ; while a bramble, a crowberry, 
and a myrtle, bearing no resemblance, however, to tho European 
species, trail on che ground and afford edible fruit. The bog balsam, 
or Bolax glebaria, and the Dactylis ceespitosa, or tussack grass, 
form the only conspicuous features in the botany of these islands, 
and grasses cover them, almost to the exclusion of other plants. 
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The Bolax grows in tufted hemispherical masses, of a yellow-green 
colour and very firm’ substance, often four feet high, and as many in 
diameter, whence a strong-smelling resinous substance exudes, the 
odour of which is perceptible at a distance. This plant has um- 
belliferous flowers, but forms an alpine and antarctic genus quite 
peculiar. 

The tussack grass is the most useful and the most singular 
plant in this flora. It covers all the .small islands of the group, 
and thriyes* best on the shores exposed to * the spray of the 
sea. Each tusshek is an isolated plant, occupying about two 
square yards of ground. It forms a hillock of ‘matted roots, Using 
straight and Solitary oilt of the soil, often six feet high and four 
or five in diameter, from the top of which it throws out a thick, 
grtjssy foliage of blades, six feet long, drooping on all sf&es, and 
forming, with the leaves of the adjacent plants, an arch over the 
ground beneath, which yields shelter to sea-lions, penguins, and 
petrels. Cattle are' exceedingly fond of this grass, which yields 
annually a much greater supply of excellent fodder than the same 
extent of* grouftd would do either of common grass or clover. Both 
the tussack-grass 1 and the bolax are found, though sparingly, in 
Tierra del Euego; indeed, the* vegetation of the Falkland Islands 
consists chiefly of the mountain plants of that country and of those 
that grow on thu arid plains of Atagonia ; but it* is kept close to the 
ground by the fierceness of the tcipific gales thaf sweep over th^se 
antarctic islands .•Peculiar species of* European genera ave found 
here, as a wood-so/Yffi and a yellow violet ; while the cnrdamiqp 
lifrsuta, add the primula farinosa, appear ttfix* identical witjktjjbose 
at hobae. Itf all, there are scarcely 120 flowering plants, ufRuding 
grasses. Ferns aud mosses are few, hut lichens are in great variety 
aud abundance, among which many are identical with those in 
Britain. 

The flora of Campbell’s Island an<J the Auckland group is so inti- 
mately allied to that of New Zealand, that it may be regarded as the 
continuation oT the latter, under an Antarctic character, though desti- 
tute of the beech and pine trees. There is a considerable*number of 
Fuegian plants in the islands under consideration, though 4000 miles 
distant ; and .whenever their flora differs in the smaller pmnts from 
that of New Zealand, it approximates to that of Antarctic America : 
but the trees and shrubs are entirely dissimilar, ^he relation between 
this vegetation and that of the northern regions but slight. The 
Auckland group and Campbell’s Island are in a latitude correspond- 
ing to that of England, yet only three indigenous plants of our island 

1 The cultivation of this useful plant has been recently introduced into some 
of the western islands of Scotland, especially Lewis, by the praiseworthy 
efforts of its proprietor, Sir James Matliesoo, M.P, 
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have been found in them, namely, the Gardamine hirsuta, Mpntia, 
and Callitriche. This is the utmost -southern limit of tree-ferns. « 

The Auckland Islands lie in the boisterous ocean south of Slew Zea- 
land. They are covered with dense and all but impenetrable thickets 
of stunted trees, or rather shrubs, about 20 or 30 feet high, gnarled by 
gdes from a stormy sea. There is nothing analogous to thes# shrubs 
in the northern Hemisphere ; but the Veronica elliptica, a native of 
Tierra del Fuego and New Zealand, is one of them. Fifteen species 
of ferns find shelter under these'trees, and their fallen trunks are 
covered wfth mos&s and lichens. Eighty flowering plants were 
found during the stay of the Antarctic expedition, of which 56 were 
then new to science ; many are peculiar to this group # and to Camp- 
bdil’s Island, but the greater proportion are natives of the mountains 
of New Zealand. Some of .the most beautiful flowers grow omthe 
mountains*, others are mixed with the ferns in the forests. A beautiful 
plant was discovered, like a purple aster, 1 V veroijica, with large spikes 
of ultramarine colour ; a white one, with a perfume like jessamine ; 
a sweet-smelling alpine Hierochloe ; and in some of # the valleys the 
fragrant and bright-yellow blossoms of a species of asphodel were so 
abundant as to be visible to ships sailing along the coast. There 
are also antarctic species of European genera,* as beautiful red and 
white gentians, geraniums, &c. The landscape, though picturesque, 
has a sombre aspect, from the prevalence of brown dark evergreen- 
leaved plants. 

Can^bell’s Island lies iz« miles to the ^soflth ot the Auckland 
group, and is much smaller, hut from the more varied^foim of its 
surface it is suppos«d*to produce ail many species of plants. During 
the two days the discovery ships, under the command of Sir James 
lloss, remained there, between 200 and 300 wdVe collected: of these 
,06 were flowering plants, 14 were peculiar to the country. Many of 
the Auckland Island plants were found Hoc*, yet a great change had 
taken place ; 34 species had disappeared and were replaced by 20 
new, all peculiar to Campbell’s Island, and some yerc found that 
hitherto had been supposed to belong to Antarctic America only. 

Perhaps no spot in either hemisphere, at the same distance from 
the Pole, is more barren than Kerguelen’s Land, lying in a remote 
part of the sonth polar ocean. Only 18 species of flowering plants 
were fqund there, which is less than the number in Melville Island, 
in the Arctic Seas, and three times less than the number in 
Spitzbergen. Th$ whole known vegetation of this island only 
amounts to 150 plants, including seaweeds. The Pringlea, a kind of 
c&bbage, acceptable to thpse who have been long at sea, is peculiar 
to the island, and grass, together with a plant similar to the Bolax 
of the Falkland Islands, covers large tracts. About 20 mosses, 
lichens, &c., only are found in this island, but many of the others 
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are also native in the European Alps and north polar regions.. It • 

* is # very remarkable oirbulhstance in the distribution of plants, that 
there should be so much analogy between the florae of places so far 
apart as Kerguelen’s Land, the groups south of New Zealand, the 
Falkland Islands, South Georgia, and Tierra del Fuego. 

ORIGIN AND DISTRIBUTION OF CERE ARIA. 

The plants which the earth produces epontaneously are confined . 
within certain districts ; nevertheless Providence has endowed, those 
most essential to man with so much power of adapting themselves 
to changes of climate and locality that the limits of their production 
can be extended by culture beyond what have been assigned to 
them by nature. The grasses yielding the grains are especially 
favored in this respect, though their extension depends upon the 
knowledge and industry of man; so that .with regard* to psefui 
plants there is an artificial* as well as a natural boundary. The 
cultivation of plants m gardens and hot-houses is entirely artificial, 
and depends on luxury and fashion. 

Tartary ’and Persia are presumed to have been the original countries 
of wheat and rye, and the Caucasus that of oats ; but these grains have 
been so long in use that it is impossible to trace their origin with cer- 
tainty. In high northern latitudes wheat is protected from the incle- 
mency of winter by sowing it in spring, or if sown in autumn a coating 
of snow de/ends # it : the polar limit c« the isothermal line of 57° 2*, 
and wheat will nbtoTorm seed within the tropics, except at% con- 
siderable height above the sea. In America the northern limi^ i®* 
unknown, the country being rAinhabited ; but at Cumberland 
House* in the Very middle of the .continent, one of the stations of 
the Hudson’s Bay Company, in 54° N. lat., wheat, barley, and 
maize qre grown. vT Wheat thrives luxuriantly in Chile and Peru,, 
and at elevations of -8500 ‘and 10,000 feet above the sea. ‘ It even 
produces grain on the banks of the f ,Lake Titicaca, in fche'Peru- 
Bolivian Andes, at the absolute height of. 12,900 feet in sheltered ** 
situations, and good crops of barley are raised in that elevated region. 

Barley bears cold better £han any of the grains, yet neither it 
nor any other will grow in Iceland. It is successfully cultivated in 
the Feroe Islands, near Cape North, the extreme point of Norway, 
near Archangel oil the White Sea, and in Central Siberia to between 
58° and 59° N. lat. 

Rye is only cultivated where the soil is* very p^or, and agriculture 
little understood ; yet a third of the population of Europe lives on 
rye-bread, chiefly inhabitants of the middle and especially of tile 
northern parts : its limit is about the 67th parallel of N. latitude. 

Oats are scarcely known in middle and southern Europe; in the 
north they are extensively cultivated to the 65th degree of N. latitude. 
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Bice is the food of a greater number pf human beings than any 
other grain l it has been cultivated fjrom^such high antiquity that 
all traces of itstorigin are lost. It contains less nutritious matter 
than any of the Cerealia, but, since it requires excessive moisture, 
and a temperature of 73° 4' at least, its cultivation is limited to 
countries between the equator and the 45th parallel. 

Indian com add millet are much cultivated in Europe south gf 
the 45th and 47th parallels, and form an important article of food 
in France* Italy, Africa, India, and America. Buckwheat is ex- 
tensively cultivated in northern Europe and Siberia, and in central 
Asia ; it is a native of Asia, whence it was brought into Europe 
in the 15th century. 

• The Cerealia afford one of the most remarkable examples of 
numberless varieties arising from the seed* of one species. In Ceylon 
alone there are 160 varieties of rice, and at least 30 of millet. 
The endless variety which may be raised frim the seed of one 
plant is more conspicuous in the flower-garden : the rose affords 
above 1400; the varieties 'of the pansy, calceolaria, .tulip, /auricula, 
and primrose are without end, and often differ so much from the 
parent plant that it seems almost impossible they should have had 
a common origin : it seems difficult, to believe that red cabbage, 
cauliflower, and many others shoijjd have sprung .from the Bras- 
sica oleracea, so totally dissimilar from any of them, with its hitter 
sea-green curly leaves. Faslllon changes so^nyich with regard' 
„ to plants that it is scarcely* possible to foK"l # cven an approxi- 
mation to the number known to be in cultivation : new plants are 
introduced from a fofeign country, and are apt to take the place of 
some of the older, , which are neglected and ^sometimes lost ; of 
120,000 plants which are known to exist bn the earth, not more 
than 15,000 are believed to be in cultivation. 

It is supposed that plants capable of tk&ring a great range pf 
temperature would exist through longer geological periods than those 
inore limited in their endurance of vicissitudes of heat-and cold. 

Since forest-trees increase by coatings from without, the growth 
of each year forming a concentric circle of wood round that of the 
previous year, the age of a tree may be ascertained by counting 
the number of rings in a transverse section of the trffnk, each ring 
representing a year. Moreover, the progress of the growth is known 
by comparing the breadth of the rings, which’ are broader in a 
favourable than in an unfavourable season, though this may depend 
also in some measure on the quality of the soil which the roots 
have come to in their downward growth. If the number of con- 
centric rings in a transverse section has shown the age of a tree, 
and its girth hall been ascertained by measurement, an approximation 
to the age of any other tree of the same kind still growing, under 

s 
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similar, circumstances, jjjiay be determined by comparison. In this 
way the age of many remarkable trees has been ascertained; The 
yew attains a greater age than any other tree in Europe. Accord- 
ing to M. De Candolle this tree increases in girth the twelfth part of 
an inch in a year during the first 150 years, and rather less in the 
next hundred, the increase probably decreasing progressively. By 
that estimate a yew at Fountain's Abbey was reckoned to be 1214 
years old ; one at Crowhurst, in Surrey* was 1400 years old when 
measured by Evelyn ; it has been shown by the same method that 
a yew at Fortingal, In Scotland, was between 2500 and 2600 years 
old ; and on£ at Brabum, in Kent, must have been 3000 years 
old : these are the veterans of European vegetation. 1 

The cypress rivals the yew in longevity, and may perhaps 
surpass it. There is a cypress in the palace garden at Granada 
which was celebrated in the time of the Moors, and was still 
known, in the year *1776, as Cipres della Regina Sultana, because 
a sultana met with Abencerrages under its shade. M. Alphonse 
Be Candolle ‘estimates a deciduous cypress in the churchyard of 
Santa Maria de Tecla, near Oaxaca in Mexico, to be 6000 years 
old, Zuccarini 3572, and Dr. Lindley only 870. Oaks come next 
in order: they are supposed to live 1500 or 1600 years. One in 
Welbeck Lane, mentioned by $velyn, was computed to be 1400 
years old. Chesnut-trees are known to live 900 years ; lime-trees 
have attained 5Q0^or 600 years iri France ; and birches are sup- 
posed to be equally durable. Sqme of the smaller and less con- 
spicuous European plants perhaps rival these giants of the forest * 
in age. IvyisUn example of this ; there is" Sne near MontpeUier, 
six feet in girth, which must he 485 years old. A lichHi was 
watched for forty years without the appearance of change. 

Thd’antiquity rsf these « European trees has been supposed to be 
insignificant when compared with the celebrated Baobab, or Adansonia 
digitata, in Senegal ; taking as a measure the number of concentric 
rings counted on a transverse incision made for the purpose in thtf 
trunk of that enormous tree, it was calculated to be 5150 years 
old.* Baron Humboldt considers a cypress in the garden of Cha- 

1 It is worthy of remark that the trees which in our temperate latitudes 
attain the greatest age belong to the family of the Conifer*, which have fur- 
wished the most ancient vegetable remains imbedded in the strata which form 
the earth's surface, the oldest fossil plants of tjie Devonian and Carboniferous 
series belonging to trees nearly allied to Araucaria. 

* Doubts have been expressed by some eminent botanists regarding the great 
age of the Adansonia digitata: the opinion given in the text is that of the 
late M. De Candolle, who says. “ The baobab is the most celebrated instance 
ef extreme longevity which has hitherto been noticed with any degree of accu- 
racy ; in its own country it bears a name which signifies one thousand years, 
and, contrary to what is usual, this name expresses what in reality, is short 
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pultepec to be still older ; it had already reached a great age 
when Montezuma was on the throne df Mexico, in 1520. Eight 
olive-trees on |Kfe Mount of Olives 'are supposed to be 800 years 
old ; it is at least certain that they existed prior to the taking 
of Jerusalem, by the Turks. There is some doubt as to the age 
of the largest cedar on Lebanon ; it is nine feet in diameter, and has 
probably existed 800 or 900 years. 

MARINE VEGETATION. 

A vegetable world lies hid beneath the surface of the ocean, alto- 
gether unlike that on land, and existing under circumstances totally 
different with regard to light, heat, and pressure, yef sustained by 
the same means. Carbonic acid is as essential, and metallic oxides 
are as indispensable, to marine vegetation as they are to land-plants. 
Sea-water contains a minute proportion of carbonic acid gas, 1 and 
something more than a twelve- thousandth part # of its weight, of car- 
bonate of lime, yet that is sufficient to supply all the shell-fish and 
coral-insects in the sea wifh materials for their habitations, as well 
as food for vegetation. Marine plants are more expert chemists than 
we are, for the water of the ocean contains rather less than a mil- 
lionth part of its weight of iodine, which they collect? in quantities 
impossible for us to obtain otherwise than from their ashes. 

Sea-weeds fix tlieir roots to anything — to stone, wood, and to other 
sea- weeds ; they must, therefore derive all their nourishment from 
the water, and the air it cdbtains ; and the viflrt "force or chemical 
energy by which they decompose and assimilate The substances fit for 
their maintenance is4he sun’s light. 

Marine plants, which are \^ry numerous, consist of two groups — 
a jointed kind, which include the Conferwe, *or plants having a 
thread-like form ; and a jointless kind, to which Jjelong duls% laver, 
the kinds used for making kelp, iodine, Vegetable glue, and all the 
gigantic species which grow in gubmarine forests, or float like green 
'meadows in the open sea. Some species are found in every climate 

of the truth.” Adanson has noticed one in the Cape Verd Islands which had 
been observed by two English travellers three centuries earlier; he found 
within its trunk the inscription they had engraved covered over by 300 
woody layers, and was thus enabled to estimate the bulk this" enormous plant 
had increased in three centuries ; it was ou such data that De Candolle formed 
his opinion, which has been adopted by Humboldt and other eminent natu- 
ralists, and from which we see no reason to differ. — See, for a very learned 
view of the contrary opinion, the 4 Gardener's Chronicle ’ for 1849, p. 340, 
the arguments of which would probably have convinced M. De Candolle, who 
Was hot aware of the excessively rapid growth and soft tissue of the baobab, 
nor that in many tropical trees several concentric layers of wood may be formed 
in one year. * 

1 M. Laurens has found ^ part of this gas in the water of the Mediterranean. 



Safe PHYSICAL GEOGRAPHY. OhakvXXVII. 

from pole to pole. No doubt the currents at the surface, and the 
attaMm of uniform temperature lower dowifate the highway by 
which these (cosmopolites travel.' • 

Marine vegetation follows a different law from that of the land, for it 
is neither go varied in form, so nch in colour, nor in such abundance 
between the tropics as in , the temperate zones, and there are fewer 
vegetable provinces in the seas than on shore, because the tempera* 
ture is more uniform, and the dispersion of plants is not so much 
interfered with by the various causes which disturb it on land. 1 

Marine vegetation* varies both horizontally and vertically with 
the depth, and it seems to be a general law throughout the ocean 
that the light c of the sun and vegetation cease together ; it conse- 
quently depends on the power of the sun and the transparency of 
the water ; so different kinds of sea-weeds affect different depths, 
where the weight of the water, the quantity of light and heat, suit 
them best. One great marine zone lies between tlio high and low 
water marks, and varies in species with the nature of the coasts, but 
exhibits similar phenomena throughout the northern hemisphere. 
In the British seas, where, with two eKceptions, the whole flora is 
cryptogamic, 8 this zone does not extend deeper than 30 fathoms, but 
is divided int6 two distinct provinces, one to the south 2 fnd another 
to the north. The former includes the southern and eastern coasts 
of England, the southern and western coasts of Ireland, and both the 
channels ; while the northern floras confined to the Scottish seas 
and the adjacent boosts of England and Ireland. The second British 
zone begin^ at low- wafer mark, anS extends below it to a depth from 
7 to 15 fathoms. It contains the great tangle sea- weeds, grov$ft& 
in miniature forests, mixed with fuci,*and is the abode of a 
animals. A coral-like -sea-weed is the last plant of this sfOWfUtid 
the lowest in thesg seas, where it does not extend below* of 

CO fathoms, but in the Mediterranean it is found at 
and is the lowest plant in that sea. o The -same law prevails in the 
Bay of Biscay, / where one set of sea-weeds is never found lower than 

1 Professor Harvey of Dublin has divided the marine vegetation into ten 
provinces : — the Northern Ocean, from the Pole to the 60th parallel of north 
latitude; — the North Atlantic, between the 60th and 40th parallels, which is 
the province of the delessericc and focus proper; — the Mediterranean, which is a 
sub-region of the warmer temperate zone of the Atlantic, lying between the 40th 
and 23rd northern parallels; — the tropical Atlantic, in which sargassum, rho- 
domelia, corallinia, and siphonea abound ; — the antarctic American region, from 
Chile to Cape Horn ; — the Falkland Islands ; — and the whole circumpolar ocean 
south of the 50th southern parallel; — the Australian and New Zealand^ pro- 
vince, which is very peculiar, being characterized, among other generic forms; 
by cystoseirise and fuceas; — the Indian Ocean and the Red Sea ancj the 
which comprises the Japan and China Seas. There are several undetermined 
botanical marine provinces in the Pacific and elsewhere. 

8 The British flowering sea-weeds are the Zostera and Zanichellia. 
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20 feet below the surface; another 'only in the zone between the 
depths of 5 and 30 feet ; and another between 15 and 35 feet. In 
these two last %ones they are most numerous; at a greater depth 
the kinds continue to vary, but their numbers decrease. The seeds 
of each kind float at the depth most genial to the future plant : they 
must, therefo/e, be of different weights. The distribution in the 
Egean Sea was found by Professor E. Forbes to be perfectly Similar, 
only that the vegetation is* different, and extends to a greater depth 
in the Mediterranean than in more northern^ seas . 1 * * * * * * 8 He also ob- 
served that sea-weeds growing near the surface are more limited in 
their distribution than those that grow lower down,«and that with 
regard to vegetation depth corresponds with latitude as height does 
on land. Thus the flora at great depths, in warm seas, is repre- 
sented by kindred forms in higher latitudes. There is every reason 
to believe that the same laws of distribution prevail throughout the 
ocean and every sea. 

Seaweeds adhere firmly to the rocks before their fructification, 
but they are easily detached afterwards, which accounts for some of 
the vast fields of floating weeds ; but others, of gigantic size and 
wide distribution, are supposed to grow unattached in the water 
itself. There are permanent bands of sea-Wced in the British 
Channel and in the North Sea, of 'Ae kind called fucus filum, which 
grow abundantly on the western coasts of the Channel 5 they lie in 
the direction of the current^ m beds 15 or 20 guiles long, and not 
more than 600 feet wide. These bands must oscillate with the tides 
between two corresponding zones of rest, one at the tumbf the flood, 
and the other at the turn of the ebb. It is doubtful whether the 
fucus natans'or sargassum bacciferum grows on rocks at the bottom 
of the Atlantic, between the parallels of 40° north and south of the 
equator, and, when detached, is drifted UViforml^tc^ particular spots 
which never vary, or whether it is propagated and grows in the water ; 
but the mass of that plant westhf the Azores, occupies an area equal 
to that of Germany, and has not changed its place since the time of 

1 The vegetation at different depths in the Egean Sea is os distinctly markfed 

as that at different heights on the declivity of a mountain. The coast plants 

are the padina pavonia and dictyota dichotoma. A greater. depth is charac- 

terized by the vividly green and elegant fronds of the caulerpa prolifera, pro- 

bably the prasium of the ancients ; associated with it are the curious sponge- 

like codium bursa, and four or five others. The codium fiabelli forme, and the 

rare and curious vegetable net called microdictyon umbilicatura, characterize 
depths of 30 fathoms. The Dictyomenia, with stiff purple corkscrew-like 
fronds, and some others, go as low as 50 fathoms, beyond which no flexible 
se&weeds have been found. The coral-like milleporo. polymorphs take their 
place, and range to the depth of 100 fathoms, beyond which there is no trace 
. of vegetable life, unless some of the minute and microscopic infusorial bodies 
living there be regarded as plants.—* Travels in Lycia/ by Lieutenant Spratt 
R.N., and Professor E % Forbes. 

8 3 
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Columbus. 4 Fields of the same kind cover the sea near the Bahama 
Islands and other places, and two new species of it wete discovered 
in the Antarctic seas. 

The macrocystis pyrifera and the laminaria radiata are the most 
remarkable of marine plants for their gigantic size and the extent of 
their range. They were met with on the Antarctic coasts two 
degrees nearer the south pole than any other wegotable production, 
forming, with one remarkable exception,' the utmost limit of vege- 
table life in the south polar seas. .The macrycostis pyrifera exists 
in vast detached masses, like green meadows, in every latitude from 
the south polrfi* ocean to the 45th degree N. lat. in the Atlantic, and 
to the shores of California in the Pacific, wliefe there are fields of it 
so impenetrable that it has saved vessels driven by the heavy swell 
towards that shore from shipwreck. It is never seen where the 
temperature of the water is at the freezing-point, and is the largest 
of the vegetable tribe, being occasionally 300 or 400 feet long. The 
Laminaria abounds off the Cape of Good Hope and in the Antarctic 
Ocean. These Wo species form great part of a band of sea-weed 
which girds Kerguelen Land so densely, that a boat can scarcely be 
pulled through it ; they are found in great abundance on the coasts 
of the Falkland group, and also in vast fields in the open sea, 
hundreds of miles from any land : had it ever grown on the distant 
shores, it must have taken ages to travel so far, drifted by the wind, 
currents, and thb Aend of the seas. , The red, green, and purple 
lavers of (Jlreat Britain are found bn the coasts of the Falkland 
Islands ; and though some of the northern £aa-wccds are not jnet 
with in the intervening warm seas, they reappear here. The Les- 
sonia the most remarkable marine plant in this group of islands. 
Its stems, much thicker than a man's leg, and from 8 to 10 feet long, 
fix themselves by clasping < libres to the rocks above liigh-water mark. 
Many branches shoot upwards from these stems, from wliici long 
leaves droop into the water like wiflows. There are immense sub- 
marine forests off Patagonia and Tierra del Fuego, attached to the 
rocks at the bottom. These plants are so strong and buoyant, that 
they bring up large masses of stone ; and, as they grow slanting, 
and stretoh along the surface of the sea, they are sometimes 300 feet 
long. The quantity of living creatures which inhabit these marine 
forests and parasitical weeds attached to them is inconceivable ; they 
absolutely teem with life. Of the species of marine plants which 
are strictly .antarctic, including those in the seas of. Van Diemen’s 
Land and New Zealand, Dr. Hooker has identified one-fifth' with the 
British Alg®. 

The high latitudes of the Antarctic Ocean are not so destitute of 
vegetation as was at first believed. Most minute objects, altogether 
invisible to the naked eye, except in mass, and which were taken for 
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siliceous shelled animalcules of the infusoria kind, prove to tg veget- 
able. They are a species of the * Diatomaceae, which, from their 
multitudes, gi$e the sea a pale ochreous brown colour. They in- 
crease iu numbers with the latitude, up to ‘the highest point yet 
attained by man, and no doubt afford food to many of the minute 
animals in the antarctic seas. Genera and species of this plant exist 
in every sea from Victoria Land to Spitsbergen. It is another of the 
remarkable instances of a 'great end being effected by small means ; 
for the death of this antarctic vegetation is forming a submarine 
bank between the 76th and 78th parallels of south latitude, and from 
the 165th to the 160th western meridian. • 

Great patches of Confervas are occasionally met with in the open 
fleas. Bands several miles long, of a reddish-brown species, like 
chopped hay, occur off Bahia, on the coast of Brazil ; the same plant 
is said to have given the name to the Red Sea; and different species 
are common in the South Pacific Ocean. 
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CHAPTER XXVIII. 


Distribution of Insects. 1 

• 

Nearly one hundred and twenty thousand insects are known ; some 
with wings, Others without ; some are aquatic, others are aquatic 
only in the first stage of their existence, and many are parasitical. 
Naturalists have lately found blind insects of various genera in the 1 

1 The great division # of the animal kingdom of the Articulata, to* which 
insects' belong, consists of the following four classes, the three first breathing 
air by air-vessels (trachea?) or air-pouches : — - 

1. Insects . — Hea<f distinct ; three divisions of the body, viz. head, thorax, and 

abdomen; three pairs of legs, and wings in general. 

2. Myrxapoda . — Head distinct ; 24 or more paira of legs, no wings. 

3. Arachnida of Spiders. — Four pairs of legs, head and thorax united, no 

antennae or feelers, no wings. 

4. ' Crustacea , as CVabs, Lobsters, &c/— Respiration by means of branchiae or 

gills, and in general aquatic, five or, seven pairs of legs. 

* / • 

Insects properly sb filled are divided into L eight orders : — 

1. Coleoptera or BeefiWJ" Ac., which have four wings, two hard or wing 

covers called £lytra, and two soft or membr^ceous, used for flying, 
and folded under the latter. Cantharides, the Egyptian Scarabaeus, and 
the Ladybird belong to this family, which, numbers upwards of fifty 
thousand species. 

2. Ortlnptera, whicfy have also four wings, but the wing covers are like parch- - 

ment : the ■'imperfeo*. ivsect, instead of resembling a grub as in the 
coleoptera, only differs from the perfect one by the want of wings ; such 
are the locust, grasshopper, cricftfet,* &c. 

3. Neuroptera, with four pairs of transparent or membranaceous wings, 

body soft, and in general elongated, as Dragon-flies, May-flies, Ant- 
• lions, &c. 

4 . Hymenoptera: 4 membranaceous wings ; instead of being provided with 

jaws for grinding or mastication, have a proboscis by means of which 
they suck their nourishment ; in many species of this order the female has 
a sting. The bumblebee, wasp, ichneumon, are ^examples of this order. . 

5. Lepidoptera, having four wings covered with minute scales or feathers, 

„ whence their name ; they derive their food by a proboscis, and their first 

state, of development is that of a caterpillar: such are butterflies, 
sphinxes, moths, Ac. 

6. Hemiptera, in general four wings, but the upper pair are only in their 

fore parts membranaceous or transparent ; hence their name, which sig- 
nifies half-wing: some are entirely deprived of them, as the common 
bug ; they have a kind of beak, instead of proboscis as in the three 
.preceding families. The cicada, the w<*>d-bug, common bug, Ac., 
belong to the Hemiptera. 

7. Rhipiptera, 
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great subterraneous caves of Europe 'and America. Some land in- 
sects are carnivorous, others feed on vegetables ; some of the carni- 
vorous tribe lye on dead, otherS on living animals, but they are 
not half so numerous as those that live on vegetables. Some change 
as they are developed ; in their first stage they eat animal food, and 
vegetables when they arrive at' their perfect state. 

1 Insects maintain the balance among the species of the vegetable 
creation by preventing th^ tendency that plants have to encroach on 
one another. The stronger would extirpate the weaker, and the 
larger would destroy the smaller, were they not checked by insects 
which live on vegetables. On the other hand, many plants would 
be extirpated by'insects were these not devoured by ofher insects and 
spiders . 1 

* Of the 8000 or 9000 British insects the greatest part are carnivor- 
ous, and therefore keep the others within due bounds. 

Insects increase in kinds and in numbers from the poles to the 
equator : in a residence of J.1 months in Melville Island, Sir Edward 
Parry found only 6 species, because lichens and mosses do not afford 
much nourishment for the insect tribes, though it Is probable that 
every other kind of plant gives food and shelter to more than one 
species ; it is even said that 40 different insects are quartered upon 
the common nettle. 

The increase of insects from the^olcs to the equitor does not take 
place at the same rate everywhere. The polar regions have very few 
specifically and individually their numbers iiXcibase in Tasmania 
and New^ South Wales ; they are still moreVffundant m Southern 
and Western Afric&p&oliimbia, and in the plains west of the Brazils ; 
North America has fewer species than Europe in the same latitude, 
and Asia lias few -varieties of species in proportion to its great extent ; 

. • • 

7./ Rhipiptera, having also a single pair of wfhgt^ folding longitudinally in a 
fan shape : only a few small genera constitute this family, the best 
known of which are Stylops sfnd Xenos. 

8; Diptera, with a single pair of wings, the 'mouth entirely adapted for suc- 
tion, with a long retractile proboscis : the com mo 11 .fly is one outlie most 
abundant species of this family. 

Some entomologists have recently added two orders to the class of insects, 
the Parasiticre and the Thysanouva : the first live on the bq^ies of other ani- 
mals ; to one of its commonest genera belongs the human louse. 

1 Perhaps one of the greatest checks on the propagation of insect life is from 
insects themselves, many species depositing their eggs on the larvae of others, 
which in their development destroy the animal on which they have been 
deposited ; that most destructive insect to the vine, the Pyralis vitis, is a very 
remarkable instance of this, some dozen species of insects depositing their eggs 
on it. in its incomplete state, thus keeping down the number of one of the 
greatest plagues in wine-producing countries. A celebrated entomologist is of 
opinion that of insects destroyed in Europe by other animals, indeed by all 
causes, one-half owe their destruction to other insects. 
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Caffraria, the African and Indian islands, possess nearly the same 
number of species ; but by far the richest of all, both in-species and 
numbers, are central and intertrojScal America. Beetles are an ex- 
ception to the law of increase towards the equator, as they are infinitely 
more numerous in species in the temperate regions oftbte northern 
hemisphere than in tropical countries. The location of insects 
depends upon that of the plants which yield their .food 5. and, as 
almost each plant is* peopled with inhabitants peculiar to itself, 
insects are distributed over the earth in Jhe same manner as vege- 
tables; the groups, consequently, are often confined within narrow 
limits, and it is extraordinary that, notwithstanding their powers of 
locomotion, tlfey often remain within a particular compass, though 
the plants, and all other circumstances in their immediate vicinity, 
appear equally favourable for their habitation. 

The insects of eastern Asia and China are different from those in 
Europe and Africa those in the United States differ specifically 
from the British, though they often approach very near to the 
same forms ; and in South America the equatorial districts of New 
Granada and Peru have distinct groups from those in Guinea ; in 
fact, under the same parallel of latitude, countries similar in soil, 
climate, and all other circumstances present the most striking dif- 
ferences in their insect tribes, even in those that live on animal sub- 
stances. * c 

Though insects are distributed in certain limited groups, yet most 
of the families hiiv*. representatives' in, 'all the great regions of the 
globe, and some identical species are inhabitants of countries far from 
one another. The Vanessa cardui, or “Painted Lady Butterfly,’* 
is found in each of the four quarters of the globe and in Australia ; 
and one, which never ceuld have been conveyed by man, is native 
in southern Europe, the coast of Barbary, and Chile. 1 It is evident 
from these circumstances •that not only each group, but also- each 
particular species, must have been originally created in the places 
, they now inhabit. ® 

Mountain-chains are a complete barrier to insects, even more so 
than inters ; not only lofty mountains like the Andes divide the 
kinds, but they are even different on the two sides of the Col de 
Tende in the Alps. Each soil has kinds peculiar to itself, whether 
dry or moist, cultivated or wild, meadow or forest. Stagnant water 
and marshes are generally full of them ; some live in Water, some 
run on its surface, and every water-plant affords food and shelter to 
inany different kinds. The east wind seems to have considerable 
effect in bringing the insect or in developing the eggs of certain 

1 It is doubtful if this species is identically the same throughout the widely 
extended habitat described in the text. 
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species ; for example, the Apblfc, knotjn as the blight in our country, 
lodges in myriads on plants, and shrivels up their leaves after a 
continued, east avind. They are almost as destructive as the locust, 
attift sometimes darken the air by their numbers. Caterpillars are 
also very destructive ; the caterpillar of the Y moth would soon ruin 
the vegetation of a country were it not a prey to some other. Insects 
sometimes multiply suddenly to an enormous extent, and decrease 
as rapidly and as unaocouBtably. 

Temperature, by its influence on vegetation, has an indirect effect 
on the insect's that are to feed upon plants, and extremes of heat and 
cold have more influence on their localization than thg mean annual 
temperature. Thus in the polar regions the mosquito tribes are 
.more numeroqp and more annoying than in temperate climates, 
because they pass their early stages of existence' in water, which 
shelters them, and the short but hot summer is genial to their brief 
span of life. • 

In some instances height produces the same effect in the distri- 
bution of insect life as difference of latitude. The P^rnassius Apollo, 
a butterfly native in the plains of Sweden, is also found in the Alps, 
the Pyrenees, and two or threq^losely allied species in the Himalaya. 
The ParnassiuB Smyntheysi't^wijto the habitat of th# genus, has re- 
cently been found on the Eocky fountains of North America. Some 
insects require several years to arrive at their full development; 
they lie buried in the ground the form of grubs : the cockchafer 
takes three years to reach* "its perfect statq, Jncl some American 
species require a much longer time. 

Insects do not att&hi their perfect state till the plants they.are to 
feed upon are in a state to afford them habitation and nourishment. 
Hence in cold and temperate climates thfiir Appearance is simul- 
taneous with vegetation ; and as the raipy and dry seasons*within 
the tropics correspond to our winters and summers, insects appear 
there after the rains and vanish in the. hot months ; the rains, 
if too violent, destroy them ; and in countries where that occurs « 
there are two periods in the year in which they are most abundant 
—one before and one after the rains. It is also observed in Europe 
that insects decrease during the heat of summer and become more 
numerous in autumn : the heat is thought to threftv some into a 
state of torpor, but the greater number perish. 

It is not known that any insect depends entirely upon a single 
species of plant for its existence, or whether it may not have recourse 
to congeners should its habitual plant perish. When particular 
species of plants of the same family occur in places widely apart, 
insects of the same genus will be found on them, so that the exist- 
ence of the plant may often be inferred from that of the insect, and 
in several instances the converse. 
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When a plant is taken from one country to another in which it 
has no congeners, it is not attacked by the insects' of the country : 
thus our cabbages and carrots in Cayenne are not nnjuned by the 
insects of that country, and the tulip-tree and other magnoliasij*e 
not molested by our insects ; but if a plant has congeners in its new 
country, the insect inhabitants will generally soon find their way 
to the stranger. 

The common fly is one of the most universally distributed insects : 
it was unknown in some of the South Sea islands till it was carried 
.there from Europe, Where it has now become a real plague in many 
places. c 

Mosquitoes, gnats, or culices are spread over the world* more 
generally than any other tribe of insects : they are jhe torment by 
night and by day of men and animals from the poles to the equator ; 
the species are numerous and their location partial. In the arctic 
regions the Culcx pipiens, which passes two-thirds of its existence 
in water, swarms during the summer in myriads : the lake-My vatr, 
in Iceland, takes its name from the legjons of these tormentors 
that cover its surface. They are less numerous in central Eu- 
rope, though one ‘very small species of mosquito, the Simulium 
Columbaschense, appears in such clouds in parts of Hungary, 
especially in th p Bandat of Tejneswar, that it is not possible to 
breathe without swallowing them in numbers : even cattle and 
children have bee-n killed by them. £ Ir^ Lapland there is a plague 
of the same kind. .Of all places on c&rth the banks of th^,Orinoco 
and of other great rivers of tropical America are the most infested 
by. this plague. The account given by Humboldt is really fearful ; 
at no season of the }*ear, at no hour of the day or night, can rest he 
found ; whole districts in the upper Orinoco ire deserted on account 
of thesfc insects. < Different species succeed one another with such 
regularity, that the time of day or night may be known from their 
humming noise, and from the different sensations of pain which 
* their several prisons produce. The only respite is the interval of a 
few minutes between the departure of one gang and the arrival of 
tlieir successors, for the species do not mix. On some parts of the 
Orinoco the air is one dense cloud of poisonous insects to the 
height of 20 feet. It is singular that they do not infest rivers that 
have dark-coloured waters; each clear stream is peopled with its 
own particular kinds ; though ravenous for blood, they would 
appear to he able to exist without it, as they are found in situations 
where no animals exist. 

In Brazil the quantity of insects is so great in the woods, that 
their noise is often heard in a ship anchored some distance from the 
shore. 

Lepidopterous insects, such as butterflies, moths, &c., although 
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dispersed over the World, each species has a limited extent of 
habitat ; hence the genera and species are different at inconsiderable 
dilutees. - and wasps are equally universal, yet eaoh country 
liaMfcs own. The common honey-bee is the European insect most 
directly useful to man ; it was introduced into North America not 
many years ago, and is now spread over the new continent, and is 
naturalized over Australia and New Zealand. European bees, of 
which there are many species, generally have stings ; the Australian 
fee, resembling a black fly, is without one ; and in Brazil there are 
30 species of stingless bees. 

Fire-flies are mostly tropical, yet there are four species in Europe ; 
in South America there are many species, and so brilliant that their 
pale green light is seen at the distance of 200 paces : a Scolopendra, 
or Centipede, in 'Asia, is as luminous as the glowworm, and one 
in France is so occasionally. 

The silkworm was originally introduced freftn China, and the 
cochineal insect is a native of tropical, America: there are many 
species of it in other countries ; the Coccus laccaMs Indian, the 
Coccus ilicis lives in Southern Europe, and there is one in Poland. 

Scorpions .under various forms are found in all wrym climates; 
two or three species are peculiar to Europe, but they are small in com- 
parison with those of tropical countries s one in Brazil is six inches 
long. . As in the case of mosquitoes, the poison of the same species 
is more active in some situatioA than in othcr^ .At Cumana the 
sting of the scorpion is little feared, while that ®f the same species 
in Carthagena will produce, amongst other effects, loss of* speech for 
maify days. 

Ants of different kinds are universally distributed. Near great 
rivers they build their nests above the line of the annual inunda- 
tions. The insects called white ants, •Jjelongitfg .to a different 
order and family, are so destructive in South America, that Hum- 
boldt says there is not a manuscript in that country a hundred years 

< fHfcere are upwards of 1200 known species of spiders, and of theiy 
allied arachnid® ; each country has its own, varying in size, colour, 
and habits, from the huge bird-catching spider of South America to 
the Almost invisible European gossamer floating in tfic air on its 
silvery thread. Many of this ferocious family are aquatic; and 
spiders, with some other insects, are said to be the first inhabitants 
of new islands. 

The migration of insects is one of the most curious circumstances 
relating to them : they sometimes appear in great flights in places 
where they never were seen before, and they continue their course 
with a perseverance that nothing can check. This has been ob- 
served in the migration of creeping insects: caterpillars have at- 

T 
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tempted to cross a stream. Countries near deserts are nftst exposed 
t# the invasion of locusts, which deposit their eggs in the sand, and 
when the young are hatched by the sun's heat they Anerge fronyhe 
ground without wings, but as soon as they attain maturity Vy 
obey the impulse of the first wind, and fiy, under the guidance of a 
leader, in a mass so dense that it forms a cloud in the air, and the 
sound of their wings is like the murmur of the distant sea. They 
take immense flights, crossing the Mozambique Channel from Africa 
*to Madagascar, which is 120 miles broad : they come from Barbary 1 
to Italy, and a few 'have been seen to reach Scotland. Even the 
wandering tribes of locusts differ as to species in different deserts, 
following the universal law of organized nature. Insects not habi- 
tually migratory sometimes migrate in great numbers. In 1847 
lady-birds (or Coccinella) and the bean Aphis arrived in im- 
mense numbers at Kamsgate and Margate from the continent in fine 
calm weather, and a Inass of the Vanessa cardui flew over a district 
in a column from 10 to 15 yards wide for two hours successively. 
Why these butterflies should simultaneously take wing in a flock is 
unaccountable ; had it been for want of food they would probably 
have separated in quest of it. In 1847 the cabbage butterfly passed 
in clouds from the coast of France to England. Dragon-flies 
migrate in a similar manner. ^ 

Professor Elirenberg lias discovered a new world of creatures in the 
Infusoria, so minjitp that they are JLnvisible to th# naked eye. He 
found them in fog, Win, and snow, in the ocean, in stagnankwatjer, in 
animal and vegetable juices, in volcanic ashes and pumice, in opal, |n 
the minute dust that sometimes falls on the ocean ; and he dqte^qd 
18 species 20 feet below the surface of the ground in peat-bog, wjjioh 
was full of microscopic live animals : they exist in ice>-aud are not 
killed by boiling water. While inquiring into the causey of the 
cholera which prevailed at Berlin in 1848, M. Ehrenberg discovered 
400 species of living microscopic animalcules in different strata of 
the atmosphere, so that the air is analogous in the distribytion of 
its inhabitants to the ocean, which bas marine animals peculiag'fao 
different depths. This lowest order of animal life is muchjfaore 
abundant than any other, and new species are found every -day. 
Examined by c the microscope they seem to consist of a transparent 
vesicle, and some have a tail : they move with great rapidity, and 
Show a certain instinct by avoiding obstacles in their course ; others 
have siliceous shells. Language, and even imagination, fails in the 
attempt to describe the inconceivable myriads ef these invisible 
inhabitants of the ocean, the air, and the earth: they no doubt 
become the prey«of larger creatures. 
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CHAPTER XXIX. 

jQn the Geographical Distribution of Fishes, Mollusca, infusoria, and the 

Marine Mammalia. 

# 

The marine fauna depends upon the heat and light of Hie sun, there- 
fore it is rich in infinitely varied forms of being and brilliancy of 
"colouring between the tropics, both of which gradually diminish in 
exuberance to the polar oceans, where the colouring is dull, the 
number of species few, but the individuals of each species exceed- 
ingly abundant. The marine fauna varies also with the depth, 
decreasing in quantity and brightness of hue from the surface down- 
wards, so tj}at each depth has a corresponding latitude of the same 
temperature in which the species are either the same or represen- 
tative. This is analogous to what is observed on land, where the 
temperature of the air decreases with the height above the surface of 
the sea, while in the ocean thfe teftperature of the? water decreases 
with the depth below it. . 

The fauna of the ocean consists of Marine Manfmalia, Fishes, Mol- 
lusca, AHhulosa, Zoophytes, and Coralluces. *Thfese are distributed 
in nine belts which gprround the globe, each of which, fteing under 
nearly the same circumstances as to climate, has in its*different* parts 
either the same or representative species, and therefore it is said to 
be Homoiozoic. 1 The intertropical ocean forms the central hoiqpiozoic 
belt ; it has four others on each side, of Vhifih tfiose at equal dis- 
tances north and south have faunas mutually representative ; the two 
last belts are the circumpolar deeans. The lines which bound the 
homoiozoic belts are climatal, and nearly correspond with the iso- 
thermal lines on land, so they are neither parallel to one another, nor 
do they coincide with the parallels of latitude, but are undulating 
from the effect of the warm and cold currents which qpme from the 
tropical and polar oceans. The fauna of a great part of the southern 
oceans is as yet very imperfectly known ; that of the north Pacific, 
and especially of the north Atlantic, have been carefully studied, 
both as to extenrion and depth. 

“ Fishes, proper^ so called, advance in the water by means of their 
flexible belies and tail, the upper fins serve to balance them, and 
the lower ones assist them in turning, and also enable them to move- 

1 Mr. K. Johnston’s Physical Atlas, 2nd edition. 

2 
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slowly and to maintain themselves suspended and steady ill a strong 
' current. When in rapid motion their finaw are folded close to the 
Ixkiy in order to offer no resistance to the water. In flatfish, how- 
ever, and all those that are broad horizontally, the fins aid consider- 
ably in their progressive motion. Moat fishes are provided with an 
air-vessel, or swimming-bladder, which they can qpmpress or expand 
when they wish to sink down or rise to the surface, but it is nearly 
# wanting or rudimentary in such species ah live at the bottom of tbi 
sea and rarely or never come to the surface. It is altogether wan tin 
in the Remora, which has an apparatus for attaching itself to other fish, 
chiefly the common white shark, and is carried about by them. The 
senses of seeing, hearing, and smelling, are very acute in fishes, and 
most that live in deep water have very large eyes in order to col-' 
lect and concentrate the small portion of the sun’s light that can 
penetrate so far. Cuvier classed fishes in two great divisions, 
according as their skeletons are of bone or cartilage, and M. Agassiz 
in four, depending upon the nature of their scales. 1 

The Arctic Odfcan is the first of the great Homoiozoic^belts into 
which the marine fauna is distributed. Its southern boundary is 
mainly determined by the direction and flow of cold currents. Its 
greatest breadth is between the pole and the Gulf of St. Lawrence, 
and includes the Banks of Newfoundland, while its least extension is 
between the pole and the extreme nor ( th of Scandinavia. The genera 
are not very numerous in this great rffceaB, the Merlangup virens and 
the Cyclopterus liparis prevail north from the coast of Lap&nd, the 
Merlingus polaris south of Parry Islands, apd thfcre are a few 
representative^ of the Cottoideae and Goboideae north-east from Beh- 
ring Strait. But the most remarkable feature of.tliis belt is the 
enormous shoals of the genus Godus or cod that crowd the banks of 
Newfoundland. * The qold* Current from the cast coast of Greenland, 
which unites with that from Davis Strait and runs along th$ Ame- 
rican coast inside the Gulf-stream, fs the highway by which these 

* l The skeletons of fishes are composed either of bone or cartil&ge, hence 
Cuvier's division of the finny tribe into osseous or bony, and cartilaginous 
fishes. The fin^are formed of spines or rays of bone united more or less by a 
thin web or membrane; some are hard and others soft; the bony fishes are 
subdivided into hard finned or Acanthopterygians, as the perch, mullet, 
mackerel, &c., and the soft finned or Sfalacopterygians, as the salmon, herring, 
pike, carp, cod, flat fishes, eels, &c. The cartilaginous fishes, or Chondropte- 
rygtdns t include the genera of the sturgeons, sharks, skates, \lamprey, sun-fish, 
diodons, &c. M. Agassiz has more recently divided fishes'fijfc four great orders 
according to the nature of their scales ; the first includes sharks, rays, &c„ 
which are covered with solid plates of enamel ; the second sturgeon and 
siluri, which are partially covered with the same; third, perch, &c, ... covered - 
with toothed scales ; foarth, salmon, mullet, &c. t covered with simple thin 
plates. * 
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myriads of cod annually arrive. The quantity is so great that as 
many to half a million have been taken in a week by one vessel. 

The second Jlomoiozoio or Boreal belt extends along the whole of 
the Norwegian coast, includes nearly, all Iceland, and on the 
American side it stretches along the coast of Maine to Cape Cod, in 
Massachusetts. Jt is chiefly a deep-sea region, probably the be- 
ginning of the great Atlantic trough. In the most northern part 
the C him sera prevails, the genUt Brosmius is extremely abundant, 
the genera Sebastes and ^terlangus are found along the Norwegian 
shores, and the Anarrichas on the Americau .side. It is owing to 
the cold arctic current which is of a much lower temperature than 
the ocean, and several degree£below that of the Gulf-stream, that the 
markets of all th» maritime towns of the United States, from Maine 
\o Florida, are supplied with such a variety and abundance of ex- * 
cellent fish, while those in the Gulf-stream are very inferior on 
account of its warmth, for all the best fish for the table live in cold 
water. 

The Celtic belt stretches along the Virginian coast on the west ; 
it includes the seas round the British islands, frorfi Shetland to the 
northern part of the Bay of Biscay, as well as the North Sea and 
the Baltic. The British islands lie between two grqgt provinces of 
fishes, one on the south, the other on the north, from each of which 
we have occasional visitors. ThoHunny, torpedo? pilot fishes, and 
various species of sharks come at times from our southern neigh- 
bour, and some years ago agrdat number of thf tropical Bonita and 
Albicof# arrived by the Gulf-stream, off* the*consts of Cornwall and 
Devonshire, committing great devastations among tfle shoals of 
pilchards. In the thonth of February enormous qhantitiesf of cod 
arrive from the north, along the coast of Norway; the shoals are 
often many yards deep, and so closely crowded together, that the 
sounding lead can hardly pass between TJieiy ; 1® millions h8ve been 
caught in one place in a few weeks. These shoals are on their way 
to the Dogger Bank, a rich fiShing ground in the North Sea, from 
whence the markets of England and northern Fraftice are supplied 
with a great variety of excellent fish. But the group of fish pecu- 
liarly British has its centre in the Irish Sea; it is however mixed 
with others from the seas bounding the western shpres of Central 
Europe which form a distinct group. Herring fisheries are charac- 
teristic of the British seas. They come in winter and are extremely 
capricious, frequenting a place in enormous quantities for a few 
<years, and then forsaking it and going somewhere else ; this wns 
particularly th# case in the Firth of Forth in the early part of the 
present century ; however, they are always exceedingly abundant in 
the Seas that surround Ireland and Scotland. The Bay of Dublin is 
celebrated for its haddocks— a fish found everywhere in our seas — 
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and great shoals of pilchards and mackerel visit the Devonshire and 
Cornish coast* at different seasons of the. year, being attfSrig the 
number of gregarious and migrating fishes. Wherever the sea-bed 
is of sand or mud round our coasts, there turbot, soles, and other 
flat fish abound. ' ***■ *; 

The common salmon does not exist south of the 45tfi^paraUel of 
north latitude on the east coast of America, and it is probably con- 
fined within similar limits on the bastern coast of Asia. It is said 
to be an inhabitant of all the northern parts of the Old World, fioixu 
the entrance of the pay of Biscay to North Cape, and along the 
arctic shores of Asia and Kamtschatka to the sea of Okhotsk, in- 
cluding the Baltic, White Sea, Guff of Kara, and other inlets. 
Other species of the salmon tribe are plentiful in the estuaries of^ 
the rivers in Kamtsckatka and on the opposite coast of America* 
down to Oiregon, but apparently they do not extend to China. 
Salmon is so far a sea fish that it only goes up rivers to spawn, and 
if by chance it is prevented from returning to the sea it becomes 
siokly. They make extraordinary leaps over impediments of rocks 
and walls in orfier to reach a suitable place to deposit their eggs. 
It is entirely a cold-water fish, and the new plan of depositing its 
spawn in rivers which salmon have not hitherto frequented, will 
probably succeed if these rivers empty themselves into a cool sea ; 
but if they flow into a warm, the?’ fish may live but will be good for 
nothing. i 

In the three preegding HomoiozoiffbeKs the species have been the 
same on both si<les“ttf* the Atlantic, hut that is no longef’lhe case 
south of the* 44th parallel of north latitude, partly on account of the 
depth 'of that ocean and also from the absence of islands: ■ The Lusi- 
tanian or Spanish belt embraces the Bay of Biscay, the seas on the 
west coasts of Spain and Africa,, as far as the Azores, and extends 
west to the CanarAs. .PiWhards abound* in the Bay of Biscay, and 
in other places there are numerous species of mullet near the mouths 
of rivers, sparoides, and lophobranchi*; in general the fauna is similar 
to that in the Mediterranean. 

.The late Prince Charles Lucien Bonaparte has shown that there 
are 853 species of European fish, of which 210 live in fresh water, 
(&3 are marine, and 60 of the latter go up rivers to spawn : 444 of 
the marine species inhabit the Mediterranean, 216 are fouiid off the 
British coasts, and 171 are peculiar to the Scandinavian seas ; so that 
the Mediterranean is richest in variety of species. In it there are 
several peculiar sharks, the sword-fish, dolphins, # anchovies; Ah4 
numerous species of the scomber or mackerel tnbe ; W of the 
largest qif which, indeed of all edible fish, is the tunny, fdr which 
fisheries of great commercial importance are established Oil the 
southern waits of France, in Sardinia, Elba, the Strait of Messina, 
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and ttye Adriatic. Numerous species of skate or*ay are particularly 
cha^wtejistic of this sea, especially the torpedos, which have the 
power, of producing a galvanic shock, and even emitting under certain 
circun^stanpes an electric spark. 

The Mediterranean furnishes only two or three American species, 
41 in comthon with Madeira, a few in common with the Bed Sea, 
and a smaller number still seem to be Indian. Some of these species 
had probably entered the Mediterranean before it was separated from 
the Bed Sea by the Isthnflus of Suez, for geological changes have 
had very great influence on the distribution of fishes everywhere. 
Taking salt and fresh water fishes together, 'there are 100 species 
common to the coasts of Italy and Great Britain ; aqjl although the 
communication with the Black Sea is so direct, there are only 27 
> T5ommon to it and the Mediterranean, no doubt on account of differ- 
ence of temperature in the water. The Black Sea forms a district 
by itself, having its own peculiar ichthyology ; and the fishes of 
the Caspian Sea differ entirely from those in every other part of 
the globe. Madeira, insulated amid a great expanse of ocean, has 
many peculiar species; they amount in number. to half of those 
in Britain, and nearly as many are common to Britain and Madeira 
as to that island and the Mediterranean, so that many of our 
fish have a wide range in the Atlantic. The temperature of the 
Mediterranean is too high to fumi|h good fish for tjie table ; the best 
are indifferent when compared with those of our more northern lati- 
tudes. 

Dr. ^Richardson has found that there is one gr^t' Homoiozoic belt in 
the Pacific, extending 42° on each side of the equator* between the 
meridians including Australia, New Zealand and the Malay. Archi- 
pelago, China, an^ Japan, in which the genera are the same; but 
at its extremities the arctic and antarctic genera are mingled with 
the tropical forms. Many specie^ however, \ihich abound in the 
Indian Oceap, range as far north as Japan, ^rhich no doubt travel by 
the Chinese current which set# in that direction. The middle portion 
of this belt is vastly extended in longitude, for very many" species of 
the Bed Sea, the eastern coast of Africa, and the Mauritius, range to 
the Indian and China seas, to those of North Australia, and through 
all the Polynesian waters ; in thifc immense belt, which embradfes 
three-fourths of the circumference of the globe *and 60 degrees 
of latitude, the fish are very nearly alike, the continuous chains 
of islands in the Pacific being favourable to their dispersion. 
They cure remarkable for extreme beauty of colouring, which they 
owe to the light and heat of a tropical sun, hut on account of the 
high temperature of the water they are of little value as objects 
of food. . In the North Pacific the generic forms differ from those 
in the Atlantic, and, as in that ocean, they increase in numbers 
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WjjjL variety 'with the latitude. From the near approach of the 

-"Strait,' "tli6 fiah bn both 
sidea exe nearly alike down to the aea of Okhotsk on one side, 
and to Admiralty Inlet -on the other. The sea of 'Japan and the 
neighbouring coasts of China are frequented by fishes having 
northern forms, which are there said to mingle with Ifiany species 
common to the temperate and warm parts of the ocean, a circum- 
stance entirely dependents the submarine currents/ The fisheries 
on the coasts' of China and Japan rival those on the banks of New- 
foundland, for in both cases cold currents run close along these 
coasts from the north* by which the fish arrive from the higher lati- 
tudes, while the counter-current from the Indian Ocean brings the 
inhabitants of a warmer sea ; but although these currents are in . 
juxta-position, it may be doubted whether the species actually mingle* 
on account of the difference in temperature of the two streams. ~ 

In the South Pacific Humboldt’s current brings a quantity of 
excellent fish along «the coasts of Chile and Peru, even m far as 
the equator. Species representative of the cod and genus Gadus 
generally reappear in the southern seas very like those in the 
northern, and the sharks of the China seas are for the most part 
identical with those of Australia ; the cartilaginous fish to which the 
latter belong Have a much wider range than most of the others ; 
however, five genera peculiar to tfie seas of very high southern lati- 
tudes range throughout the whole circle of the Antarctic Ocean. 1 * * * * 

No doubt currents are the highways of the ocean by which warm- 
water fish may travel tp high latitudes, and cold-water sped«#^O^W, 
without much change of temperature, but the ^opical oces^TOhjd 
be a sea of fire to polar fish, and yet two very rem arkable ; 4j^^Snd 
genera, 9 which inhabit such deep water that they are seldom niel with 
except when thrown up by a storm, have been discovered pi/the 
coasts erf New Zeaknd andjgoutfll Australia. Had the&S fish passed 
the tropics they must have descended to a depth of 2000 &thoms 
before they came to a temperature th»t they could probably endure. 
If so, marine creatures must be able to sustain the enormous pres- 
sure of 12,000 feet of water. The stratum of constant temperature 
in 'the ocean may indeed offer the means of migration from pole to 
iPe to those of its inhabitants that live in shallow water, for they 
would only haire to descend to a depth of 7200 feet at the equator, 
but it is evident that few avail themselves of it. 

With regard to fresh-water fishes, most great systems of lakes 

1 The genera most prevalent in the southern hemisphere are the Notothemia, 

Boriphthys, Harpogefer, Ctenichthys, and Chimsera Antarctica. , The same 

species of these genera are found in the sea round the Falkland Islands, Cape 

Horn, the Auckland Islands, Kerguelen Land, See. 

8 Notocanthus and Macrourus. 
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have, their peculiar species, as the lake 6i Baikal ; and the fishes of 
the great inter^alpiue lake of ^(Titicaca, which amount to seven or 
eight, belong 1x> genera only found in the higher regions of tho 
Ande&*Inthe North American lakes there is a bony- scaled fish, 
bearing so&e analogy to those of the Secondary geological epoch ; 
there are 4 species of perch peculiar to the North American waters, 
and one identical with that of our European lakes and rivers ; and 
the Gillaroo trout, which ft remarkable for having a highly muscular 
stomach, which has been compared to a bird’s gizzard, is found in 
a few lakes of northern Ireland only. According to Prince C. L. 
Bonaparte 44 species of fish inhabit the British lakes £nd rivers, and 
50 those of Scandinavia. The fresh-water fish of northern climates 
are most esteemed for the table. 

Each tropical river has its peculiar speoies. The fresli-water fish 
of China 1 resemblo those of India in their generic forms, but not 
in speqies, and those of the Cape of Good HopB and South America 
differ from those of India and China. Sea-fish, in immense quan- 
tities, frequent the estuaries of rivers everywhere ; the mouth of the 
Mississippi swarms with them, and the quantity at the mouth of the 
Don in the Sea of Azof is prodigious. 

There are singular analogies between the inhabitants of the sea 
and land. Many of the medusae* two corallines, .the Physalia, the 
Portuguese man-of-w$tr of sailors, sting like a nettle when touched. 
A cuttlefish at the Cape <je ^erd Islands changes colour like the 
chamel«Qn, assuming the tfnt of the bottcynjon which it rests. 
Herrings, pilchards, and many other aquatic animals, aPe luminous. 
The medusae, or sea-nettle tribe, which are numerous in species, 
have also the faculty of emitting light in a liijgh degree. In warm 
climates, especially, the sea seems to be on fire, and the wake of a 
ship is like a vivid flame. Probably fish that below the* depths 

to which the light of the sun penetrates are endowed with this 
faculty. These luminous creatures are the glowworms and fire- 
flies of the ocean, while the fish with great eyes that* live in its dark 
abyss represent its bats and owls. But among terrestrial animals 
there is nothing analogous to the property of the Gymnotus elcc- 
tricusof certain South American lakes, or of the Silnms electricus <ff 
the African rivers, and the several species of torpedo of the Medi- 
terranean, which possess the faculty of giving an electric shock by 
means of a very beautiful organic voltaic apparatus with which 
they are provided. 

Besides these more active inhabitants of the deep, the ocean is the 
abode of myriads of living creatures : shell-fish or mollusca, Crustacea, 
star-fish, sea-urchins, madrepores,, corallines, &c. &c., of innumer- 

1 The Chinese fresh-water, fish are Cyprinidae, Ophicephali, and Siluridae. 
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alffiS families and specie*, characteristic of the differed depths and 
lidmoiozoic belts, all of which stcictljF follow the law of partial disper- 
sion ; some have very wide areas of habitation, and a few genera 
are nearly cosmopolite. 

Throughout the whole ocean the littoral, or first zone of depth, 
is the space included between the high-water mark and the low ; 
hence it is exceedingly variable ; in some places, as in the Mediter- 
ranean, it is not more than a foot or twe deep,- while in the Bay of 
Fundy it is 60, and in the British Channel 30, feet. On every 
littoral zone some species of the genera Purpura, and Littbrina o% 
Turbo, are to J>e met with, except in the South African and South 
Australian. 

From the surface to more than ICO fathoms in the arctic and* 
boreal belts there are five distinct zones of depth. The first ot lit- 
toral zone, which extends to a depth of 15 fathoms, is distinguished 
by the genera Littoiina or turbo, the Purpura or whelk, and the 
Patella or limpet ; the other four contain various kinds of mollusca, 
star-fish, sea-urchins, sponges, corallines, and sea- weeds. The most 
remarkable of these is an arborescent star-fish which inhabits the 
depths of the North Atlantic, and the Comatula Europea, belonging 
to the stone-lily family, or crinoids, which are fixed to the rocks 
when young, but become detached when full-grown ; they, are nume- 
rous in the arctic seas to the west of Spitzbergen; one is met with 
in the Indo-Pacific Ocean, and a species has been found in Dublin 
Bay. They are th6* l^st representative** of those beautiful j^phytes 
which characterised the oolitic period. The larger crustacean are 
exceedingly numerous in this belt, especially off tlf#rop^ coasts and 
islands of Norway, where an extensive fishery supplfei^the English, 
Dutch, and French markets with crabs and lobsters. 

ThecCeltic belt, t*vhich includes the British seas, has five zones of 
depth, each Of which 'has* its particular inhabitants, consisting of 
shell-fish, crustacese, corallines,' and other marine animals. The first 
zone, lying. be tween high and low water mark, is shallow in some 
places and^ jSb feet deep in others. In all parts of the northern 
hemisphere it presents the same phenomena: hut the animals vary 
with the natifre of the coast, according as it is of rock, gravel, sand, 

. or mud. Iu the British seas the animals of this littoral or coast zone 
are distributed in three groups that differ in a marked manner from 
one another, though many, as the whelk and turbo, are common to 
all. One occupies the seas on the southern shores of our islands and 
both Channels ; a middle group has its centre in the Irish teas and 
the adjacent coasts of England and Ireland. The second zone exr 
tends from the low- water mark to a depth of from 7 to 15 fathoms 
below it, and is crowded with animals living on ahd among the sea- 
weeds, asmollusca, star-fish, dea urchin*, and many zoophytes. In 
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the ^ci bel<pf that of vegetable life, marine animals 

are moi^jramorouV and .of peater variety. It is particularly dis- 
tinguish^ animals that by their union assume an arborescent 
form, and seem to take the place of plants — carnivorous mollusca, 
together mth large species of radiata. It ranges from the depth of 
15 to 50 fathoms. The fourth zone is the region of more massive 
corals, peculiar mollusca, and zoophytes that only inhabit deep water. 
This zone extends, to 10 Q fathoms, below which there are only two 
kinds of shell-fish and an annelid, or sea- worm. Oysters abound in 
these seas, as well as the mussel, cockle, and.periwmkle. The east 
coast of America, which has few shells, has in this belt several of those 
which we find on the coasts of Europe, the rest ard representative. 

.Jibis Celtic belt has received colonists both from the Atlantic on one 
side and the boreal and even arctic on the other ^ Those from the two 
latter are regarded as descendants of members of the fauna of this 
area $.8 it existedbefore the glacial period. TJie number of animals 
in the Celtic zoneis very great. 

In the Mediterranean generally there are five zones of depth, of 
which the first is a mere narrow strip along the coasts, in which the 
creatures differ according as it is rocky or sandy v but the nearly 
cosmopolite genera of purpura and littorina are found here also. The 
second zone, which descends to 15 fathoms, abounds in cuttlefish, 
and has some very peculiar specie! of Echini. Thfc third zone is the 
region of sponges, which fojjfH an object of commerce, together 
with various corallines ancl* pSbuliar shells. most remarkable 

productions of the fourth zone, which desc&mk to 10 J) fathoms, is 
the red coral used^for ornaments;. if is obtained # at considerable 
depths off the coast of Sicily and Sardinia, but chiefly off the north 
coast of Africa, between Tunis and Algiers' and in the Grecian 
Archipelago. The Turbo sanguineus is characteristic of tips zone. 
All abound in living creatures, for thfo sea is extremely rich and 
varied in its inhabitants. The observations of the late Professor E. 
Forbes in the Egean Sea are particularly interesting. He, found that 
from the surface to the depth of 230 fathoms there are eight distinct 
zones, each of which has its particular vegetation and inhabitants. The 
number of shell-fish and other marine animals is greater specifically 
and individually between the siffftqg|and the depth of 2 fathoms than 
in all the seven regions lower down taran together, and both decrease 
downwards to the depth of 105 fathoms; between which and thet 
depth of 230, only eight species of shells were found ; and animal 
life ceases in that part of the Mediterranean at 300 fathoms. The 
changes from zone to zone are not abrupt; some of the species 
of an inferior region always appear before those of the region above 
vanish ; and although there are a few* species the same in some of the 
eight zones, only two are common to all the eight. Those near the 
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surfacehave forms aud dolours jawmiesemblin^ thr inhabitants of 
southern latitudes, while those lower down are more analogous to 
thespeciesof northern seas ; so that in the sea depth prcducpa on 
organic life the same changes with latitude as height dees norland; 
Moreover, the extent of the geographical distribution of any species 
is proportional to the depth at which it lives ; consequently those 
living near the .surface are less widely dispersed than those inhabit* 
log great depth* Professor Forbes also t discovered several shells, 
living in the Mediterranean, that have hitherto only been known as 
fossils of the tertiary strata, and also that the species most abund- 
ant in. a living state are the least so in a fossil one. 

The Spanish* and West African faunas are very similar to that 
of the Mediterranean. mm 

All civcu instances ^ombi ne to produce a rich marine fauna on the 
western side of the tropical Atlantic. The Caribbean province is the 
only part of that oceaq in which a region of coral reefs exist ; besides, 
it is inhabited by mollusca, articulata, and raditrca, strikingly re- 
presentative of the forms, b\it entirely different in species from 
those in the Incfo-Pacific. The difference between the Qaribbean 
assemblage of marine life and that in the Gulf of Mexico on the one 
hand, and along the extensive shores of Brazil on the other, appears 
chiefly to arise , from the nature of the bottom of the sea.* The number 
of species that range from Florida to Rio Janeiro is veiy great. 
North from the coast of Guiana thesis an exclusive concentration 
of the genus Holppu$» Here we find Cna Pentacrinite, the living re- 
presentative of a of beings that was abundant dunng the 

Oolitic epoch. .• 

In tile Indo-I*acific region the inhabitants of the several zones of 
depth are not yet well known, but different^pecies of the Purpura and 
Littorina still succeed each other along the western coasts of the 
American continent ; and although species of these two genera sti& 
prevail, there is a similar representative succession of species of 
the beautiful Haliotis, or Pea Ear, r from Tasmania to Behring 
Strait. This noble ocean is the very realm of reef-building corals ; 
they fill it from tropic to tropic, with the exception of an area 
west from the coasts of Central America, and another betwqpn 
North Australia and the shores of India and China. Various are 
the species of these madrepores and corals ; 22 genera of mollusca;, 
and 10 or 12 of star-fish and echini, have their maximum develop- 
ment in these coral seas, which teem with life; the forms are not 
to be numbered even of those within our reach, “ things innumer- 
able both small and great are there.” In these calm and limpid 
waters the madrepores and branching corals are covered with living 
creatures of the most varied forms and of every colour, either hanging 
04 them like leaves and flowers, or clinging to them like mosses and 
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lichens, while the clear sand fcgiow ia covered with the singular forms 
and tints of the Echinodermata, or Variegated like a bed of ranun- 
culuses with the sea anemones/ In these living groves brilliant green 
contrasts with brown, bright red, golden yellow, and purple of every 
shade, from the ruddy to the purest azure/ The brilliant rosy, yellow, 
or peach-coloured? nullipores overgrow the decaying masses, and are 
themselves interwoven with the pearl-coloured plates of the retipores, 
resembling the most.delicate ivory carvings, while close, by wave the 
trellis-like lilac and yellow fans of the gorgonias, the milk-white 
bells of the jelly-fisli float softly in the clear water, and the little fish 
sparkling with every gay "metallic hue dart through the whole in 
chase of their prey. When the shades of evening falfthe sea shines 
like the Milky- way with myriads of brilliant sparks ; the microscopic 
medusae and crustaceans invisible by day form thebeauty of the night ; 
and the sea feather, vermilion in daylight, now waves in a green 
phosphorescent light ; every part of it is luminous ; even those which 
are dull brown now become radiant in the most wonderful play of 
green, yellow, and red light ; and the sun fish 1 with 11 s silver disc 
six ifeet broad moves slightly luminous among these lesser fires. 8 
The nautilus and harp are among the most beautiful of the tropical 
shells,-— the pearl oyster (Meleagrina Margaritifera) c&ie of the most 
celebrated; it abounds throughout the Persian Gulf, and on the 
coasts of Borneo and Ceylon, aj^pTodnces the finest pearls. There 
are other pearl-bearing shells qBne Pacific, especially in the Bay of 
Panan^g, and of an inferior description in the CS&i&tpta Sea. Some 
shell-fish are exceedingly limited in their fistribution, as the 
Haiiotis gigantea, wUich is peculiar to the seas soitfh of Australia 
and the shores of Tasmania. The east and west coasts of inter- 
tropical Africa have a totally dissimilar ftiuifa, and the east and 
west coasts of tropical America have on\y one molluscous animal in 
common, and both differ from those [in the*island§ of the Pacific 
and the Galapagos Archipelago, which last forms a distinct region. 
Notwithstanding the many definite marine provinces, the same 
species are occasionally found in regions widely separated. A 
few of the shells of the Galapagos Archipelago are analogous with 
those of the Philippine Islands ; the Cyprcea moneta lives in the 
Mediterranean, the seas of South Africa, the Mauritius, the East 
Indies, China, aud the South Pacific, even as far as Tahiti, and the 
Janthina fragilis, the animal of which is of a beautiful violet colour, 
floats on the surface in every tropical and temperate sea. The mol- 
lusks have a greater power of locomotion than is generally supposed. 
Some migrate in their state of larva, being furnished with lobes 
which enable them to s^im freely. The larva of the common 

1 The Orthagorfscus Mola. 


4 SchleMen’s Lectures. 
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scakgt is capable ofmigratingto distant sea*, theargonauta and 
nautilus spread their sails and awim along the surfaces 

The distribution of marine life is much less known in the extra** 
tropical southern latitudes than it is in the corresponding, ones of 
the northern hemisphere ; hut it follawfe the same laws, the animals 
being in general representative. 

Before Sir James Ross's memorable voyage to the Antarctic seftS,the 
profound and dark abysses of the ocean were supposed to; be entirely 
destitute of animal life ; now it maybe presumed that no part of it is 
uninhabited, since, during that expedition, live creatures were fished 
up from a depth of a thousand fathoms. One of the most remarkable 
results of tha£ voyage, connected with natural history, was the dis- 
covery of 68 species of microscopic shells in the mud at a depfl^ 
of 1000 fathoms in Erebus Bay. It bps led to an investigation of 
the sea-bed in both the great oceans. Two of the species found in 
Erebus Bay ‘have alpo been discovered in the ooze of the Northern 
Pacific, at a depth of nearly three miles, among a great variety of 
animals with a ^ilicious coatmg, probably brought* from the coral 
regions by currents, where the mud is entirely composeeLpf minute 
silicious shells at depths of more than two miles and a hall. These 
creatures, when living, invisible to the naked eye, must have, ex- 
tracted the silex from the water and left the calcareous matter to the 
corallines to build their reefs and ifrlmte- During the soundings across 
the North Atlantic for placing th^pectric telegraph cable in 1857, 
the mud thatppE^ brought up fromfttho bottom, at a depth of more 
than three , miles, $as found to be in a great measure formed of 
microscopic calcareous shells ; scarcely a grainr^.aand was . among 
them; the bottom of the Gulf of Mexico and Of the Gulf-stream, 
is everywhere a macs of microscopic shells of the most delicate 
structure, and in p state of complete preservation, which shows 
that the sea is calmly trarfquil at these depths, and that, onc^djtjfcl, 
the great cable will rest in its shelly bed in perfect repose. Thus 
the bottom of the ocean is the vast sepulchre of these atoms which 
must have dw<w in its waters, and whose remains, wafted by the 
currents, lay the foundation of lands which in the perpetual vicissi- 
tudes of all created things may in the far future become the habita- 
tion of man. c 

The actual abode of these silicious and calcareous shells has not 
yet been discovered, but the quantity of minute animal life in the 
ocean exceeds all imagination. The discoloured portions of the seas 
generally owe their tints to myriads of minute animalcuhe. Pr. 
Poeppig mentions a stratum of red water, near Cape Pilares,'24 miles 
long and 7 broad, which, seen from the mast-head, appeared of a 
dark red colour; on entering it became of a brilliant purple, while 
the waterin the wake of the vessel was of a rosy hue. The prater 
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itself i^d ttaasjfctifit,* but small ted dots could be didfcroed 

moving in spiral lines. * Tfi% Vermilion Sea off the coast of Cali- 
fornia is ho doubt owing to a similar cause; Mr. Darwin found 
red add chpfcolate-coloured water, which had been before observed 
by TJlloa bn. the coast of Chile, over spaces of fsveral square miles, 
full of microscopic animalcules, darting about in every direction, and 
sometimes appearing to explode. 

These minute foijns of organic life, invisible to the naked eye, are 
extensively distributed throughout the ocean ; the small points which 
shine at night are sometimes so numerous that they give a milky 
colour to the sea by day, but several varieties of infinitesimal 
creatures are intensely and extensively developed in*both the polar 
Oceans, and serve for food to the higher orders of fishes in latitudes 
beyond the limits of the larger vegetation, though they themselves 
probably live on the microscopic plant already mentioned, which 
abounds in all seas. In the Arctic Ocean, where the water is of a 
pure transparent ultramarine colour, areas of 20 or 30 square miles, 
and 1600 feet deep, are green and turbid from the quantity of minute 
animalcules. Captain Scoresby made the curious calculation that it 
would require 80,000 persons working unceasingly from the creation 
of man to the present day, to count the number of those bodies con- 
tained in two miles of the green water ; what then must be the amount 
of animal life in the polar region^, where one fourth* part of the Green- 
land Sea, or 10° of latitude, jcoij$rats of that water ? These animalcules 
are o^he Medusa tribe, or Of oilier forms of tlf£ family of zoophytes. 
Some medusae are very large, floating like* a* mass jelly ; and 
aKhough apparently carried at random by the waves, each .species 
has its definite location, and its peculiar organs of locomotion. One 
species comes in spring from the Greenland Seas to the coast of 
Holland, and Humboldt met with an immense fhoal of them in the 
Atlantic, migrating at a rapid pace. Bift tSa^jrulF-stream seems to 
be the favoured Region of myriads of medusae. Lieut. Maury mentions 
an American ship that met with a slioal of them % off the coast of 
Florida which were like acorns, covering the sea thickly for so large 
an extent that she was five or six days in sailing through them. On 
returning from England the ship again fell in with the same band 
off the Western Islands, and was three or four days* in crossing it • 
*they were on their way to colder seas to furnish nourishment to 
the whales and large cetacea. 

The enormous prodigality of animal life supplies the place of vege- 
tation, so scanty in the ocean in comparison with that which clothes 
the land; still it probably would be insufficient for the supply of 
the marine creation were the deficiency not made up by the super- 
abundant land vegetation and insects carried to the sea by rivers. 
The fish that live bn seaweed must bear a smaller proportion to 
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tfctyriRhat are predaceous, than the herbivorous animals on land 49 t° 
tfie carnivorous. Fish are certainly most voracious ; none are without 
their enemies ; they prey, and are preyed upon ; and there are species 
which even devour the live coral, hard as its coating is ; nor does the 
coat of mail of the ^Jollusca and Crustacea protect them. Whatever 
the proportions may be which predatory fish bear to herbivorous, the 
quantity of both must be* * enormous, for, besides the infusoria, the 
great forests of fuci and seaweed are everywhere, a mass of infinitely 
varied forms of animal life, either parasitica], feeding on them, seek- 
ing shelter among them, or in pursuit of others. 

The polar seas are the habitations of the hugest and the most 
minute of the c creatures whose dwelling is in the deep. They are 
the home of the marine mammalia, the largest of living creature*** 
and which, as their name implies, suckle their young. While fish 
breathe by gills which separate the air dissolved in the water from 
it, the marine mammalia are furnished with lungs and respire like 
terrestrial quadrupeds, so that they are obliged to com?to the surface 
of the water froip time to time to inhale the air. They forint two 
distinct families, of phocae or seals, and cetacea or whales. 1 

Seven species of the seal tribe live in the Arctic Ocean and the 
North Atlantic 3 , but the Greenland seal, the bearded or great seal, 
and the Phoca Leporina, are also found in the high latitudes of the 
North Pacific. The Phoca Oceanica is only met with in the White 
Sea and the sea at Novaia Zemlia,%id the Phoca Sagura on the 
coast of NewfouncUfcid. Seals live°exclusively on fish, apd are 
seldom found at a* great distance from land or ice islands ; their 
favourite haunts are the polar oceans and deseifislands in^high Mi- 
thdes, where they bask in hundreds on the sunny shor^f during the 
brief summer of these-inhospitable regions, and become^ oasy prey 
to man, who has nearly extirpated the race in man^ places \ a mil- 
lion are killed aiftiua! , y*in the South Atlantic aloud. ' fee common 
Greenland seal is six or seven feet long, with a fac4%ike that of a dog, 
and a large intelligent eye. It is easily tamed, and in the Orkney 
Islands it is so much domesticated that it follows its master, and 
helps him to catch fish. This seal migrates in herds twice in the 
year, and returns again to its former haunts. They come to the 

* The marine mammalia consist of two great families, the Phocas or seals, # 
and Cetacea. The Phocae consist of seals properly so called, without exter- 
nal ears, inhabiting our Northern seas; of Otariae, or eared seals, chiefly con- 

fined to the Antarctic latitudes ; and of the anomalous, Trichocus, or walrus. 

The Cetacea are subdivided into the Manatus and Dagbng, which are herbi- 
vorous and live within the tropics ; all the rest are predaceous, namely. Dol- 
phins or Porpoises, the Cachalot or Spermaceti Whale, and the Whalebone 
Whales, or BalenidsB, to which belong the Greenland or Right Whale, the 
Rorquals, &c. It is no doubt contrary to all zoological rule to place mam- 
malia among fishes, but the object of this chapter is rather to convey some 
idea of the inhabitants of the ocean than to follow their scientific affinities. 
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coasts of Northern Euro^ and the British iSftids at the time of 
their migrations, but it mpy be considered a constant inhabitant of 
our northern $ores. The walrus, a grim-looking creature, with 
tusks two feet long, bent downwards, and its nose covered with 
strong transparent bristles, has a body like that of a seal, 20 feet 
long, with a coat of short gray or yellow hair. It sleeps on the 
floating ice, feeds on sea-weed and marine animals, and lives chiefly 
in the Arctic Seas, but sometimes is met with in Behring Strait, 
the coasts of MagdAlen Island, and very rarely in the Gulf of St. 
Lawrence. Large herds of seals reach the cpasts of Labrador on 
the fields of ice borne by the currents from Davis Strait, and 
there they fall a prey to the fishermen who watch for the annual 
arrival of these 44 sea-meadows.” It is computed that upwards of a 
iiBllion are killed every year in the northern hemisphere. 

The sea-lion, or Phoca jubata, frequents the coasts of the Pacific 
and its islands, even to 63° 30' N. lat. ; it has been sometimes also 
seen at the Ladrone Islands, in the parallel of 15° 3' ; one of their 
principal places of resort is the island of St. George, one of the 
PribylOr group, in lat. 56° N. 

Seals abound in the Antarctic Seas and the high southern lati - 
tudes. Sir James Ross found some of the islands in the Antarctic 
Ocean overrun by the Phoca elephantina, or the sea* elephant. The 
fur species, Arctocephalus ursinus,*was also very numerous, chiefly 
about the Falkland Islands. At one time it frequented the southern 
coasts of Australia in gresfl/Aeimbers, but tbfe^nd other species 
halfo ifbw become scarce, from the indiscriminate slaughter of old 
an<J young. 

The marine cetaeea consist of three genera — dolphins or* por- 
poises the spermaceti whales, or Physetcns, which live on fish, and 
are provided with long jaws and numerous teeth in the lower one ; 
and whales, properly so called, which hav&#no^gfcn T but are furnished 
with whalebone inserted in the upper jaw, the extreme filaments 
of which act as a kind of net to catch the small marine animals 
which form their principal food. The cetacea breathfi by an opening 
in the centre of the head, called by whalers the blower, corre- 
sponding to the nose of terrestrial mammalia, and which also serves 
to expel the water taken into the mouth'with the food, in the form 
of fete, which vary in height and form according to the species. 

The most singular and beautiful of the dolphin tribe is the Nar- 
whal or sea-unicorn (Monodon monoceros), which has a tusk of 
fine ivory, wreathed with spiral grooves, extending 8 or 10 feet 

1 The carnivorous cetaceaj with two remarkable exceptions, inhabit the 
ocean — the Delphinus Inca, of the upper Amazon and its tributaries, and the 
D. Gangeticus of the Ganges, The dolphin seen in the rivers of inner Africa 
is probably a Lamantin 
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straight from, the ; in general there is only one tus^, but there 

are always the rudiments of another, and occasionally both grow to 
an equal length. The old narwhals are white, with 0 bladHsh spots ; 
the young are of an uniform dark colour. This singular creature, 
which is about 16 feet long, swims with great swiftness. Dr. 
Scoresby has seen 15 or 20 at a time playing round his ship in the 
Arctic Seas, and crossing their long tusks in ail directions, as if 
they were fencing. They live among the fields of ioe between the 
north parallels of 70° and 80°, in Davis Strait,' Disco Bay, and the 
gulfs and creeks of Greenland. Some wander as far south as 
Scotland and the northern coasts of Europe, hut very rarely. 

The BelugSP, or white dolphin, eaten by the Icelanders, is 18 feet 
long and inhabits the high latitudes of the arctic regions. It abounds 
in Hudson Bay, Davis Strait, and in some parts of the northern 
coasts of Asia and America, where it frequents the eBtuaries of rivers 
and goes up the St.^Lawrence and the Firth of Forth as high as the 
tide reaches. It is migratory and returns from the North Atlantic 
to Greenland in the end of November. The common Porpoise (D. 
Phocama) is seen spouting and tumbling inwall the seas of Europe ; 
it is particularly abundant on the Irish coasts, and innumerable shoals 
of thenr go in, pursuit of herrings and mackerel and even £scend the 
rivers in chase of salmon. The grampus (D. Orca), nearly allied to 
the Killer of the South-Sea whators, a fieice, voracious, and powerful 
animal, often 20 feet long, roams iifc shoals, preying upon the larger 
fish and even attacking the wliafcA'\ Its favourite haunts are in 
the Arctic Seas acboftt Spitzbergen, in Davis Strait and ftio ^est 
coast of Greenland, but it frequently arrives .in herds on the shpres 
and c firths of Scotland and Ireland. The Grind, or black dolphin 
(D. Globiceps), has. been known to run ashore in hunjh$j|a in the 
bays of Faroe, Orkney, and Shetland. It seems to he tW$ame or 
nearly* allied tc tliq hjack *fish which was met with in vast umbers 
by Sir James Boss m the Antarctic Seas. The white dolphin (D. 
Peronii) of the southern whalers is k rare and elegant species which 
chiefly inhabits the high southern latitudes, but has been seen in 
the Pacific near the equator ; it is about six feet long ; the hinder 
part of the head, the back, and the flukes of the tail, arc black, and 
all the rest of the purest white. Owing to the symmetry of their 
form and the great breadth of their tail, horizontally placed, dol- 
phins swim with extreme velocity. 

The spermaceti whale, Cachalot, or Physeter, belonging to the tribe 
of the predacious spouters, is one of the most formidable inhabitants 
of the deep. Its average size is 60 feet long and 40 feet in circumfer- 
ence ; its head, equal to a third of its length, is extremely thick and 
blunt in front, with a throat wide enough to swallow a man. The 
proportionally small swimming paws, or pectoral flns, are at a* short 
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distance behind the head ; and the tail, whieh*is in the form of a 
triangle ^or 7 feet long and often 20 broad, with a notch between 
the fluke^is its chief organ of progressive motion and defence. It 
has a hump of fat on its back, is of a dark colopr, but with a very 
smooth skin. These sperm-whales have two nasal apertures or 
blowers on the top of their head, through which they throw at each 
expiration a succession of jets like smoke at intervals of 15 or 20 
minutes, after which the^ toss their tails high in tho air and go 
down head foremost to vast depths, where they remain for a con- 
siderable time, and then return again to the suuface to baeathe. The 
jet or spout is frpm 6 to 8 feet high, and consists of water mixed 
with air, expired from the lungs. This whale contains* sperm-oil and 
spermaceti in every part of its body ; the latter substance, however, 
is chiefly in a great reservoir in its head which makes it very 
buoyant : ambergris is sometimes found in the insido of the body, 
supposed to be produced by disease. These ljuge monsters, occa- 
sionally 75 feet long, go in great herds or schools of 500 or 600. 
Females with their yonng and two or • three old % malcs generally 
form one company and the young males another, while the old 
males feed and hunt singly. The sperm whales swim gracefully 
and equably with the upper part of the head nbewe water; but 
when a troop of them play on the surface, some of these uncouth 
and gigantic creatures leap with the agility of a salmon several 
feet into the air, and fall dov*n again heavily with a tremendous 
crash and noise like a cannoh* fkiving the wateskip in lofty columns 
capped^vith foam. The fishery of this whale isP attended with danger : 
nobonly the woynded^uiimal, but Us companions who come to its^id, 
sometimes fight desperately, killing the whalers and tossing them into 
the air with a sweep of their tremendous tails or biting a boat in two. 
In 1820 the American whaler Essex was wrecke<| in the Paci|ic by a 
sperm whale : it first gave the ship so violent ^JjJow«that it broke off 
part of tho keel, then, retreating to a distance, it rushed furiously and 
with' its enormous head beat in* a portion of the sideband the crew 
had just time to save themselves in the boat when tVtvessel filled. 
They often lie and listen ^en suspicious of mischief. No part of the 
aqueous globe is free from tfceir visits ; though chiefly the inhabitants 
of southern latitudes, they are found at the Aleutian islands in *the 
Pacific, in the North Atlantic, Baffin Bay, Davis Strait, the Firth 
of Forth, and in the estuary of the Thames ; and have even boon 
caught m the Mediterranean and Adriatic ; they chiefly live bn the 
sepia or cuttle-fish, Ac., in the deepest patts of the warmer seas 
within or near the tropics. 

Tho family of the Whalebone whales consists of the common Green- 
land or Right whale (BaUona Mystecetes) and Rorquals (Balas 
nopterse). These colossal inhabitants of the frozen seas feed on 
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medusae and other small marine animals, which they catch by means 
of the moveable plates and filaments of whalebone in theyyipper jaw. 
The Right whale is from 65 to 70 feet long, but they ara so much 
persecuted that they probably never live long enough to attain their 
full growth. -The head is very large, but the opening of the throat 
is so narrow that it can only swallow very small animals. It has no 
dorsal fin, the swimming paws are about 9 feet long, and the flat tail 
is half-moon shaped. It has two spoutg or nostrils, through which 
it throws jets like puffs of smoke some yards high. It only remains 
two or thret minutes on the surface to breathe and then goes under 
water for five or six. The back and tail are velvet-black, shaded 
in some placed, into grey, the rest is white ; some are piebald. 

The Right whale swims slowly and is timid, and the capture of 
it is often attended with much cruelty on account of its affection for 
its young ; indeed, the custom of killing the calf in order to capture 
the mother has caused much prejudice to the fisheries in both hemi- 
spheres. Formerly the Right whale abounded everywhere within 
the Arctic circl^, and was profitably fished for in the Atlantic ; now 
it is rarely to be seen in the Spitzbergen and Greenland seas, it is 
scarce in Hudson’ Ray and Davis Strait, and is only to be met 
with in numbers to the north of Lancaster Sound ; and that in a # 
few years will he fished out in its turn. The number of whale- 
ships has been 'annually diminishing, and it is evident that the 
trade will ere long come to an end. An extensive fishing-ground 
has been discovcfgd«by the ships sefit m search of Sir John Franklin 
within Bearing StVait ; hut as the whale here also is pursued in the 
same reckless ^manner by the whalers of the -United States, it«wilL 
likewise soon cease to he remunerative. 

The whale found ^in ssuch multitudes by Sir James Ross in the 
shallow water on, the coasts of the Pacific and in the Antarctic 
Ocean, must he of jyJ#Fert,nt species from the Right whale, to which 
the tropical waters would he like a sea of fire, since it cannot endure, 
and never enters, warm water. 

» There ar&$me whales peculiar to the North Pacific. The inha- 
bitants of the Aleutian islands mention four species. 

Rorquals are also Whalebone whales, mnering from the Right whale 
by^their more elongated form. The Great Rorqual, or Rorqualus 
Borealis, from 80 to 100 feet long, is the largest of marine animals. 

It is chiefly met with along the edge of the ice in the seas round the 
island of Jan Mayep, between Bear and Cherry islands, Novaia 
Zemlia, Spitzbergen ; in fact, between the northern parallels of 70° 
and 76? ; and in open seasons it reaches as high as 80° y nevertheless 
it travels to lower latitudes in pursuit of herrings and other fish, 
and is occasionally seen off and in the Firth of Forth. It had.heen 
caught on the coast of Norway as early as the year 890, and probably 
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long before. The first northern 1 navigators were not attracted by the 
whale as ftp object of corcfmerce, but stumbled upon it in their 
search for a nofth-west passage to the Pacific. The lesser Rorqual 
lives in the rocky bays of Greenland in summer, and is found on 
the coasts of Iceland, Norway, the Hebrides, and along the coasts of 
Scotland. The number of whales of all kinds that occasionally 
visit the Firth of Forth is very remarkable ; the author has frequently 
seen several spoutings at the* same time, when shoals of herrings were 
coming up this estuary. There may be another reason for their visits. 
When a whale* feels itself uncomfortable from* the number of para- 
sitical animals, chiefly of the Barnacle tribe, that have attached them- 
selves to its skin, it rolls and tumbles about in the brackish water in 
tha estuaries of rivers till it has got rid of them, aw are that fresh 
water kills these animals. The bottoms of ships encumbered in the 
same manner by marine parasites are divested of them in the same 
way. 

The Humpback whale, or Baloena gibbosa — a rorqual 30 or 40 feet 
long — is met with in the intertropical and southern regions of the 
Pacific and Atlantic : it is seldom molested by whalers, and is very 
dangerous for boats, from the habit it has of leaping and rising sud- 
denly to the surface. 

None of the senses of the whale tribe are very acute : the Whale- 
bone whales appear to have the serfte of smelling more acute than 
the others ; and although the # 6 perm whale is immediately aware 
of a cqpapanion being harpcfcn&l at a very great* distance, it does 
not hear well in air, and none appear to have ahy voice . 1 % 

The Manatus and Bugong form a very small part qf the cetqpeous 
family ; they are herbaceous and tropical. The Lamantin, a species 
of the former, lives in some rivers of Westtfrn Africa, which it 
ascends to a considerable distance from tlje sea ; |nd another species 
is found in the rivers Amazon and Orinoco?, wknsfc it Is known as the 
sea-cow. Its body is round, jmd sometimes 12 or 15 feet long, 
apd it browses in herds on the herbage at the bottom of the streams. 

The Dugong is an inhabitant of the eastern ArchipeYago and of the. 
shallow parts of th^ Indian Ocean, where it feeds on sea-weeds ; it 4s 
more a marine animal than the Lamantin, and is scarcely ever seen 
in fresh water, and is so harmless that it allows itself *to be handled. 
When it suckles its young it sits upright, which has probably given 
rise to the fable of the mermaid. This animal, like the Lamantin, 
will sacrifice its life for its young, and is hence held as a type of 
maternal affection among the Malays. 

* The animal called the Manatus Septentrionalis, which frequents 
the Arctic seas of Northern Asia, is probably not one of the her- 
bivorous cetacea. 


1 Scoresby's * Arctic Voyages. 1 
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CHAPTER XXX. 

Distribution of Reptiles — Frogs and Toads — Snakes, Saurians, and Tortoises. 

Reptiles, more than any other class of animals, show the partial 
distribution of animated beings, because, being unable to travel to 
any great distance, they have remained in the places wherein they 
were originally located ; and as they inhabit deserts, forests, afid 
uncultivated ground, they have been little disturbed by man, who has 
only destroyed some individuals, but has not diminished the num- 
ber of species, which fs probably the same now as it ever was. 1 Of the 
mammalia but few hybemate, or fall into a torpid state in winter, 
such as the beat, marmot, dormouse, &c. Their fat supplies the 
carbon consumed by the oxygen during their feeble and imperceptible 
respiration, and is wasted by the time the warm weather returns, 
which rouses tliem from their lethargy, thin and extenuated. But 
reptiles, being colder blooded, tury themselves in the ground, and 
hybernate during the winter in cold and temperate climates. In 
hot countries they fpll into a state qfetorpor during the dry season, 
so that they have o .occasion to wander either on account bf tem- 
perature or r want of sustenance; and the few that do migrate % in 
quest* of food always return to their old haunts. As the blood of 
reptiles, from the peculiarity of their circulation, receives onl^ # 
small part of the oxygen they inhale, little heat and strength are 
generated, and the^ are fo^the most part sluggish in their motions, 
which, however, are s< ^bre varied than in mammalia ; Hut atf some 
reptiles, such as tortoises and lizards, breathe more frequently than 
others, there are consequently great differences in their ‘powers of 
locomotion and sensibility. 

The order of Reptiles is divided by naturalist? in to four families, 
commencing in the ascending order: — 1. Batracians or frogs, in- 
truding toads and salamanders ; 2. Ophidians or Serpents ; 3. Sau- 
rians, including crocodiles, lizards, chameleons ; and 4. Emydians or 
tortoises, and turtle. With very few exceptions all reptiles are ovi- 
parous, or produce their young from eggs ; they partake of both 
terrestrial and aquatic forms, and many are amphibious : they all 
increase in numbers towards the equator, and few live in the colder 
latitudes ; but they oan endure a cold winter better than a cool 


1 The whole number of species of reptiles known is 657, 
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summer. Frogs and salamanders have been seen on the banks of the 
M‘Kenzie river in North Anierica, where the mean temperature is 
between 7° and 8° of Fahrenheit, and where the thermometer in 
winter even sinks to 90° below the freezing point. The RSna tern- 
poraria lives as high on the mountain slopes as the snow-line, the 
Rana alpina at the height of 4500 feet, and the Anguis fragiHs at 
an altitude of 778o in the Pyrenees. The extreme sou them *limit 
of reptiles, so far as it is known, is in 50° S. lat., where a species of 
frog was founff on the banks of the river Santa Cruz. 

The number of species of reptiles in the torrid zone is at least 
double that in the temperate; Australia has fewer than Europe; 
and of all, places in the Old World, Java is perhaps ?he richest in 
animals of this order. America possesses more than half of all the 
species known, the maximum being in Brazil, but every one of them 
is peculiar to the New Continent. 

The Batracians 1 approach -nearest to the natune of fishes, and fonn 
a link between aquatic and terrestrial animals. In their imperfect 
state of tadpoles they have tails and no feet, but when full-grown 
they generally acquire feet and lose their tails. In that early stage 
they are aquatic and breathe by gills ; but in a state of maturity they 
breathe by lungs like quadrupeds, though some of the* genera always 
retain their gills and tails, and some never acquire feet. These 
animals have the power of retarding and accelerating their respira- 
tion without stopping the cy-ci^hition of their blood, so*tbat they can 
resist hfat and cold to a certain degree — a power jpost remarkable in 
the salamander, so varied in appearance and nature, whicl^ forms part 
of this class. Some, Rs toads and frogs, imbibe a quantity of water 
which is evaporated through he pores of the skin and aids to main- 
tain them at the temperature of the mediurfl thfly live in. 

The group of toads and frogs consists j^f four genera, whiqji nave 
four feet, but without tails ; namely, frogl, IrfMJ or Vainettes, toads, 
and pip®. Frogs, which are amphibious, have no nails on their toes, 
and their hind legs are longer than the fore, and webbed, consequently 
better fitted for swimming and jumping, which they do by leaps. 
There are above 50 species, so that they are more numerous and 
more varied than any other genus of reptiles. Of the hyla or tree- 
frog the species are all of the most vivid and brilli&nt tints, and 
several colour* are frequently united on the same animal. They 
mostly live on trees, and their feet have little cushions at the 


i Batracians: — 

Ranid®, or Frogs .. 81 species. 

Salamandrid®, or Tritons and Newts .. 20 

Amphiumid®, or Menopoma, Syren .. 2 

Proteid®*, or Proteus and Axolotl .. .. o' 

Caetiliad®, or C®cilias 5 
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^extremities of 4he toes, forming a kind of sucker, by means of 
which they can squeeze out the air, and, by the prgsBiire of the 
atmosphere, they adhere firmly to the under side of the smoothest 
leaf, exactly on the same principle by which flies walk on the ceiling 
of a room. The Bufo, or Toad, is the ugliest of the race ; many are 
hideous, with swollen bodies, the skin covered \jith wart-like ex- 
crescences, and obtuse toes. They seldom go into water, but 
frequent marshy damp places, and only crawl, whereas the frog 
and hy la leap. They are less numerous than eithdf of the other 
genera ; about 30 species are known. The Pipaa are also toads of 
a still more disgusting form, and are- distinguished from their con- 
geners by not having an extensile tongue. All these reptiles pro- 
duce a noise from the lungs, which is exceedingly varied; thay 
croak in concert, following a leader, and when he becomes tired 
another takes his place. One of the North American frogs croaks 
in bands ; one band begins, another answers, and a third replies, 
till the noise is heard at a great distance ; a pause then takes place, 
after which the croaking is renewed. % Darwin mentions a little 
musical hyla at Rio de Janeiro, which croaks a kind of harmony 
in different notes. 

Toads and ffogs arc found in almost all parts of the earth, though 
very unequally and partially distributed. America has more than 
all the other countries taken together, and Europe the fewest. Six 
species of fro^s, ope ( rainette, and tw&, toads are European ; and all, 
except four of thevjrogs, are also found in Asia and Africa.’ The 
Rana temporaria lives at the height of 7700 feet in the Pyrenees, and 
near the sndw-Une on the Alps. 

The law of circumscribed distribution is strongly marked in Asia ; 
for of ten species of frogs peculiar to that continent, fl&ree only are 
found en the mainland, tw&are confined to Japan, five 

that are Javanese, We is also common to Amboina. ‘ eight 

species of rainettes, or tree-frogs, are still more limited in thjSix* -- 
domicile ; five of them are met with in Java only, one in Japan, ahci 
the Hyla viridis is in Asia Minor. There are nine species of toad 
peculiar to Asia. 

None of this family exist in the Galapagos Islands, nor in any 
of the innumerable islands of Oceanica : there* are few in Australia, 
and these, like its quadrupeds, are peculiar to it. In Africa there 
are eight species of frogs, two or three rainettes, and two toads. 

. One of the two species of pipa, more horrid in appearance than any 
toad, is very common at the Cape of Good Hope, 

The great extent of marshes, rivers, and forests, together with the 
heat of the climate, make America the very home of reptiles of this 
family, and there they grow to a greater size than anywhere else : 23 
species of frogs, 27 species of tree-frogs or rainettes, and 21 of toads 
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are indigenous in that continent, not one of which is the same with 
those in the Old World ; and most of those in South America arc 
different from* those in the northern part of the continent. All 
these reptiles have abodes, with fixed demarcations, often of small 
extent. The Pipa, or large toad of Surinam, is the most horrid in 
appe&rance of the tribe ; the Bufo agua of Brazil, 10 or 12 inches 
long, and the Rana pipiens or bull-frog of Carolina, are the largest. 

The second division of this family of reptiles have tails and feet, 
as the saHma»ders, which are like lizards in their general form, 
having a long round or flattened tail and four* feet. Some are ter- 
restrial, others aquatic; the former are known as ^alamanders or 
newts, the latter as tritons. Both are found in Europe, but the 
gi^ater number are American. The amphibious genera of Amphiu- 
ma, Menopoma, and Syren, possessing both lungs and gills, are 
American ; the latter are peculiar to the marshes and rice-grounds of 
Carolina, and the Axolotl is only found in the great Lake of Mexico. 
The Proteus anguinus, of a light flesh-colour, with four little feet 
fend a flat tenued tail, happen hitherto met with only in the dark 
subterraneous caverns of (Sfiiiola. 

The 6th group of this order of Batracians are the Caecilise, of which 
there are very few species, all inhabitants of the tvarm parts of 
Asia, Africa, and America. They have a cylindrical body, without 
feet, and move like serpents, so thly form a kind of link between 
the latter family and that of tljfe Batracians. 

There are serpents in all hoi? and temperate Countries, but they 
abound most in the intertropical regions. They are moat numerous 
in the islands of the Indian Archipelago ; in those of the Pacific#there 
are few. Java contains 56 species, which is a greater number 
comparatively than any other country of a'sinfilar extent ; while in 
lfcrneo not one has been found. Thosp in Jajan are peculiar to 
tms group of islands. Wherever innocuous Inakes exist, there also 
&T6 some of the venomous kinc^, but they are fewer specifically and 
individually. Of 265 species of serpents, only 68 .are venomous, 
or about one in five, although that proportion is not everywhere 
the same. In sterile, open countries, the proportion of venomofis 
snakes is greater than in those that are covered with vegetation. 
Thus, in Australia, seven out of ten species are poisdnous ; and in 
Africa, one of every two or threeris noxious. In general, however, 
the number of harmless individuals is 20 times as great as the 
number of the poisonous. 1 

1 Known species of serpents : — • 

Innocuous, 207 species. 


BuiTOwing 7 

Vermiform .. *. .. .. .. .. 18 

Terrestrial 

U 
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The three groups of venomous serpents ore the oolubrifpm or 
adder-shaped snakes, the triangular-headed, and sea-serpents* 

The adder-formed snakes are divided into three g$nara»~~ the Slaps, 
which are slender like a cord, with a small head and of brilliant 
colours. There are four species in South America, of which two are 
confined to Guiana, and one to Surinam, while the other is ftyund 
everywhere from Brazil to Carolina. There is only one in Africa, 
three in Australia, and the rest are in limited districts in tropical 
Asia, especially in Sumatra and Java ; and an entir&^enus is found 
only in India, and the islands of Ceylon and Java. The hooded 
snakes (or Cobra capello) are the best known of this family, especially 
the spectacled or dancing snake of the Indian jugglers, which is 
common everywhere from Malabar to Sumatra ; two other species 
are peculiar to Sumatra and Java. The three or four African 
species are chiefly met with at the Cape of Good Hope and on 
the Gold Coast ; but the most celebrated is that generally known 
as the Egyptian asp, which has been tamed by jugglers in ancient 
and modern times, and is frequently figroed on the Egyptian monu- 
ments ; it derives some of its celebritjwun having been the cause 
of Cleopatra's death. Two of the genus inhabit Australia, one of 
which is hoodid, but of a diffeient species from that of India. 

The second venomous group consists of the triangular-headed 
Serpents, rattlesnakes, and viper£. The first are of a hideous aspect 
— a large head, like a heart, broad at the base, a wide mouth, with 
their hooked poiWrfous fangs strohgly developed. They quietly 
watch thei* prey till it is within reach, then dart upon it, anft inflict 
the deadly ‘wound in a moment. The yellow viper of the French 
West Indian islands, the Trigonocephalus lanceolatus, is one of the 
most dangerous snakes hi existence. One species in the Old World 
is to be met with q/erywh^re from Ceylon to the Philippine Islands ; 
another is a naiive of'Sulnatra, Timor, and Celebes; two are con- 
fined to Java alone. Ceylon, Sumatra, Japan, and Tartary, have 
each a peculiar species of this group. 

The Crotali, or rattlesnakes, are all American — two live in the 
Warmer districts of the United States, and two in the intertropical 
regions of South America. One of the latter, however, has a hard horn 
at the end of Us tail, instead of a rattle, and sometimes grows to the 


Terrestiiftl 92 

Tree Serpents 42 

Fresh-water 33 

Boaform 15 

Venomous, 58 species. 

Colubrifbrra 24 

Sea Serpents 7 

Triangular-headed 27 
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length of 10 feet, being, with the Trigonocephalus, the longest of the 
venomous snakes. 

Vipers extend farther north than any other of tho noxious tribe : 
two are Asiatic, though one is also common to Africa, which, how- 
ever, has four peculiar to itself; the only venomous serpents in 
Europe are three species of viper, one of which is also spread over 
the neighbouring parts of Asia and Africa. The common viper 
inhabits all central Europe and temperate Asia, as far as Lake Baikal, 
in the Altai Mountains : it is also found in England and Sweden 
and the north of France, but does not cross the Alps, beyond which 
it is replaced by one frequenting dry soils, in the ijouth-east of 
Europe, and which alone is met with in Styria, Greece, Dalmatia, and 
Sicijy ; and the Aspic viper, which lives on rocky ground, inhabits 
France between the Seine and the Pyrenees, Switzerland, Italy, and 
Sicily. 

There are six genera of innocuous serpents, consisting of numerous 
species. Four are terrestrial ; their species are very limited in their 
domicile, the greater number being confined to some of the islands 
of the Indian Archipelago, Ceylon, or to circumscribed districts in 
tropical Asia, Africa, and America. Nine or ten species are Euro- 
pean, some of which are also found in Asia and Africa/ 

Tree-serpents of various genera live only in the t great tropical 
forests of Asia and especially of America. They are long and 
slender, the head for the mqpt jpart ending in a t sharp point, and 
general!^ green, though there bre* some of briglih?> colours ; many 
of these serpents are fierce, though not venomous; somo feed on 
birds,' 'which they watcR hanging by the tail from a ho^gh.* * 

In all temperate and warm countries abounding in lakes and rivers 
freSh-water snakes are numerous ; some live efitirely in the water, but 
they mostly inhabit the banks near it ; they, are excellent swimmers, 
and may be seen crossing lakes in shoals. America is particularly 
rich in these aquatic species, therg are several in Asia, but they are 
rare in Africa* and none have been yet discovered in Australia. 

The genus Boa is peculiarly American. The boa constrictor, 
generally from 9 to 15 feet long, lives in the great tropical forests of* 
South America, where it often watches its prey hanging by the tail 
from the boughs of trees. Two of smaller size have sixdilar habits, 
and two are aquatic, one of which is sometimes 20 feet long, and 
another 6 ; the latter inhabits the banks of Hvers from the Amazon 
to Surinam ; and a species is found at the foot of the Andes of Quito, 
as high as 3000 feet. 

Pythons are the largest snakes of the eastern continent, where they 
represent the boas of the western ; one species, which sometimes 
attains the length of 20 feet, is spread from the western coast of 
Africa, throughout tropical Asia, to China and Java. Another, only 

- u 2 
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14 feet' long, is confined to Malacca and some of the SundA Islands. 
Two others are found in the island of Timor, and one in Australia. 
There are only two species of Acrochordi, which* like boas and 
p$%6bns, twist themselves round their victims and crush them to 
death : one aquatic, peculiar to Java ; the other is a land snake, 
very generally distributed from India to New Guinea. 

The West Indian islands possess the snakes of North and South 
America, and some peculiar to themselves ; those of Central America 
are little known. The snakes of Madagascar are peculiar to that 
island. 

All the seyen species of sea-snakes are venomous and ferocious. 
They frequent the Indian Ocean in shoals from Malabar to the 
Philippine Islands, and the Bay of Bengal ; they never enter fresh 
water. 1 

1 The existence of fcreatures in the ocean resembling enormous serpents had 
been announced at different times for more than a century, but was never 
authentically established. Accounts of such monsters having been seen in the 
northern seas, in the fiords of Norway and Sweden, had been given to the world 
by Egede and Pantoppidan : by the latter more on hearsay evidence tha^rbm 
his own observation. But as in every instance the pretended Sea-Serpen# was 
represented to*' possess either the blowholes of a cetaceous animal or the*!jMjrfr 
and mane of a seal, it was evident the credulity of our Scandinavian nefgjp* 
hours had converted some well-knc#vn creatures into incomprehensible marine . 
monsters. The same may be said of the sea-serpent represented to have been 
stranded on one of; tlje Orkney Islands irf ( 18Q8, of which a part of the skeleton 
is preserved in th<^W*useum of the Colfeg^of Surgeons, and which, when exa- 
mined by Jhe naturalise, proved to belong to a large species of shaft:; and of 
that fallen, in with off^the coast of Halifax in 18^3, by some British officers 
engaged on a fishing expedition. The existence of the sea-serpent was looked 
upon therefore as. one of those creations of that imaginative credulit^|o fre- 
quently entertained tfy igdbrant seafaring persons, and had ceased tdTO&act 
any retention excewt occasionally by an allusiqji to it in some Transatlantic 
newspaper, when it wan again revived in an official report addressed to the 
Lords of the Admiralty by Captain M ( Quhae, of her Majesty’s ship Daedalus, 
who states that, on the 6th of August, 1848, being in lat. 24° 44' S., long. 
9° 22' E., consequently not far from the south-western coast of Africa, he 
descried in broad daylight, and at a short distance, an animal with the head of 
•a serpent and at least 60 feet long, passing his ship to the south-westward at 
the rate of 1 5 miles an hour. Professor Owen, after a careful consideration 
of all the details given of this strange apparition, has .shown that the animal 
seen by the officers of the Daedalus was probably a large species of southern 
seal, of the genus Otaria. The Otaria is longer in proportion than our Arctic 
seals, «pd its fore flappers (being situated fartfier back, the neck of the animal 
appears longer, and is generally, in the act of swimming, raised out of the 
water, as seen and represented by Captain M‘Quhae in his drawing. Professor 
Owen supposes that this seal had been carried from its usual haunts in or near 
' the Antarctic circle on an iceberg, which having melted away in these middle 
latitudes the animal was obliged to find its way back by its locomotive powers ; 
an opinion rendered the more likely when we consider that it was making for 
the nearest land where such animals are known to live, Gough's Island and 
Tristan d’Acunha, from which it was distant about 1500 miles, or four days' 
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SaariaHB have representatives in every warm and temperate 
climate. 1 The crocodile, from its size and ferocity, claims the first 
place. There «re three genera of this family, all amphibious, 
living in rivers or fh their estuaries. The true crocodile is pecu- 
liarly African ; it inhabits the Nile and all its tributaries, but appears 
to have been extirpated in the Delta. It is found in all the river 
systems of Soudan, Senegambia, and probably in that of the Zambeze, 
but there seems tojbe another species about Sierra Leone. The 
Gavial, which approaches nearest to the form of certain fossil cro- 
codiles, is Asiatic, and extends from Western Australia, through 
the Indian Archipelago, to all the rivers of India : there are three 
species, of which the Gavialis Gangeticus is the molt celebrated ; 
anqjfcher species inhabits the Euphrates. The Alligators or Caymans, 
peculiar to the American continent and the West India islands, 
have a very extensive habitat ; they are met with in all the rivers 
from 31° S. lat. through South, Central, and .North America, to 
32° 30' N. lat. They are most numerous in the estuaries of the 
great rivers, but they are found as high as 3000 £eet at the base 
of the Andes of Quito, and they are known in some of the' rivers of 
Bolivia at a much greater elevation. 8 

The alligators of the Mississippi, and of the rivers and marshes of 
Carolina, are more ferocious than thosfi of South America, attacking 
men and animals ; they only prey ifc the night ; while in the water, 
like all their congeners, they cannot swallow their food, but they 

journey ^it the rate and in the direction it is represented l>y Captain M‘Quliae 
to have been progressing when seen from his ship. This smtAnent of the 
appearance therefore of the sea-serpent in 1848 adds nothing 4owftrds confirm- 
ing the existence of such monsters; whilst it shows how easy it is for even 
well-informed persons to create imaginary beingh out. of animals well known 


to the naturalist. 

1 Saurians ; — • w _ 

. Crocodiles 13 species. 

Chameleons . . a : . 7 

Geckos 27 

Iguanas 55 

Monitors 15 

Tjlguixins 11 

Lizards . . 20 

Chalcis Saurophis lb 

Skinks 39 


s One of the most celebrated species of this division is the crocodile of the 
Nile, which probably is to be met with in the upper branch of tliat river, the 
Bahr-el-Abiad, as high as 4000 feet above the level of the sea. Immense num- 
bers of this animal, of every size and age, are found embalmed in the catacombs 
of ancient Egypt, which are perfectly identical with the existing species, offer* 
ing another proof of the important fact first announced by Cuvier, from his 
examination of the mummies of the ibis, &c. &c., that no animal, in its wild 
state, had presented the least change since the most remote historical period. 
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dtown the animal they have caught, hide it under prater till it 
becomes putrid, and then bring it on shore to devour it. Locality has 
considerable influence on the nature and habits of these animal^; in 
one spot they are very dangerous, while in Aother, at no great 
distance, they are cowardly. Alligators are rarely more than 1$ ffcet 
long, and are seen in large herds basking on the banks of rivers : 
their cry is like the roar of a bull ; in a storm they bellow loudly, 
and are said to be much afraid of some*of the # porpoise family that 
ascend the great American estuaries. The female watches her eggs 
and her young for .months, never losing sight of them; but the 
male devours many of them as soon as they leave her. All Animals 
of this class ffre covered with scales ; those of the crocodile family 
are hard, homy, often bony, and impenetrable. 

Lizards are chiefly distinguished from crocodiles by having a 
long, thin, forked tongue like that of the viper; by their rapid 
motions, smaller size, and by some peculiarities of form. 

The Monitors, which are entirely confined to the old continent, 
have the tail compressed laterally, which enables them & swim 
rapidly; and they are furnished with strong sharp teeth. Many 
species inhabi^ Africa and Asia, especially the Indian Archipelago : 
the monitor or terrestrial crocodile of Herodotus is common on the 
deserts which enclose Egypt f and an aquatic species in the Nile, 
which devours 'the crocodile’s r eggs, is often represented on the 
monuments of the ancient Egyptians. 

Another groups the monitor ftfmily is peculiarly American : 
some of the species inhabiting the marshes in Guiana are 6 feet long. 1 

Lizards are very common ; more than 63 species are European, 
of which 20 inhabit Italy, and one lives on the Alps at an elevation 
of 4500 feet ; the group of the Iguanians, which differ from them only 
in the form of the Ijongue, is so numerous in genera and species, that 
it would he vain to attempt to follow all their ramifications, which 
are nevertheless distributed according to the same laws with other 
creatures : but the dragons, only found in India, are too singular 
to he passed over. The dragon is a lizard with wings formed 
by an extension of the skin, which are spread along its sides and 
attached to the fore and hind feet, as we see in thotf ying squirrel 
amongst the mammalia, and, though they dq not enable it to fly, 
they act like a parachute when the animal leaps from bough to 

1 Animals of a gigantic size, and allied to the lizard family, formerly inha- 
bited the latitudes of Biitain. A monster (the Mosasaurus) much surpassing 
the largest living crocodile is found in our Sussex chalk-beds ; and another 
allied to the Iguana, the Iguanodon of Mantell, is of frequent occurrence in the 
strata upon which the chalk reposes in the weald of Snasex, the Isle of Wight, 
&c. Some bones of the Iguanodon would indicate an animal more 50 
feet long. 
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bough m pursuit of insects., Nocturnal lizards of many species 
inhabit the hot countries of both continents ; and they are not un- 
like salamanders, but they have sjiarp daws to seize their prey with, 
and which they can draw in and conceal like a cat. One of this 
species, .the Gecko, climbs on walls in most of the countries bordering 
on the Mediterranean. Chameleons are frequent in northern Africa ; 
and several species inhabit different districts and islands in Asia : 
the only European specie? is found in Spain ; it is also common 
in Northern Africa* 

The Anolis, which lives on trees, replaces the chameleon in the 
hot regions of South America and in the Antilles, having the pro- 
perty common to chameleons of changing its coioifr, but it is a 
rapre nimble and beautiful animal. In Australia, where everything 
is anomalous, there is a lizard with a leaf-shaped tail. 

Skinks resemble serpents in form, but with four very short feet 
and sharp nails on their claws ; they burrow iq the sands of Africa 
and Arabia : there is a species of gigantic black and yellow Scincus 
in AdRr&Iia ; those in the islands of the Indian Archipelago are of 
varied colours, one is green with a blue tail. 

Two anomalous saurians of the genus Amblyrhiochus were dis- 
covered by Mr. Darwin in the Galapagos Islands? One peculiar 
to the central islands is terrestrial, and in many places it has 
undermined the ground with its burrows ; the other is the only 
lizard known that lives on sea^veed and inhabits the sea ; it is about 
four fjet long, and hideously Ugly, with feet jmttiully webbed and a 
tail compressed laterally to adapt it for swimming. It basks on the 
bet&h, and in its marine habits and food it resembles, on %*small scale, 
the huge fossil monsters so abundant in the older ages of our British 
secondary formations. • • 

Tortoises 1 are covered with a shell or buckler, but their neck, legs, 
and tail are free, with a wrinkled skfa, ao inat* the animal can 
draw its head and feet into the shell when alarmed. The head is 
sometimes defended by a regular shield, and the jaws, instead, of 
teeth, have a horny covering. The upper buckler Is rounded, and 
formed of eight parts or plates symmetrically, and often very beau- 
tifully, disposed ; the under shell is fiat, and consists of four pair of 
bones and one in the centre. One group of tortoises is terrestrial, 
two others are amphibious, one living in fresh water, the other in 
the tropical seas. 

There are more land tortoises in Africa than in all the rest of the 


1 Testudinse, or Tortoises:—- 

* Testudo, or Land Tortoise 15 species. 

Kmys and Chelys, or fresh-water Tortoises 36 

-Trionyx, %r river Tortoises 10 

Chelonians, Turtle or sea Tortoises . . . . 8 
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world, both specifically and individually. They abound also in. the 
SSunda Islands, in the United States of America, South Amerfea, and 
especially Brazil. There are three European species, of which the 
common tortoise (Testudo Grseca), which is found in the countries 
bordering on the Mediterranean, is the largest, attaining as much as a 
foot in length : it lives on insects and vegetables, and burrows in the 
ground in winter. Some of the East Indian species are enormously 
large, above three feet long, and remarkable for jhe beautiful distri- 
bution of their colours ; certain species are peculiar to Brazil, one to 
Demerara, and one to North America ; but perhaps the largest known 
species is that of the Galapagos Islands, the Testudo Elephantine, 
which weighs f>00 or 600 pounds. 

There are two genera of fresh- water tortoises that live inpomfe, 
stagnant pools, and lakes — the Emys and Chelys. -The first is very 
numerous in America ; there are no less than 33 species of fresh- 
water tortoises peculiar to the two divisions of that continent: 
3 have been found in Africa, 6 in Europe, 18 in Asia and its islands, 
and only .2 in Australia. The Emys caspia, in Asia Minor, rollows 
a leader, and plunges into the water when alarmed. The Cfolys, 
furnished witkjL kind of proboscis, is found in the stagnant waters 
of South Amerfca. • 

The Potamian Trionyx, or frost- water turtle, lives in the rivers 
and lakes of warm countries ; f tkere are two species peculiar to 
North America ; they are large and voracious, devouring birds, 
reptiles, and young^Ailigators, but offcbft fall a prey to older c ones. 
One is peculiar to the ‘Nile, where it devours the eggs and young 
of the.crocodile ; one to the Euphrates and Tigris ; there are fouftn 
the Ganges, which are frequently seen feeding on the human bodies 
that are thrown into *the ‘sacred stream ; one of these turtle often 
weighs c 250 pounds^* The ^tarred trionyx is found in t^e rivers of 
Java only, and dnothei* lafge species is common to the rivers of 
Borneo and Sumatra. # 

The Chdonians, or sea-turtles, inhabit the seas of the torrid and 
temperate zones) as far as the 50th parallel of latitude, some living 
on*sea-weed, and others on small marine animals. Distinct species 
are found in different parts of the ocean. The green turtle, of which 
there are many varieties, inhabits tbe Atlantic within the tropics ; 
they may be seen browsing on the seaweed at the bottom of the 
water along the coasts : they repair at certain seasons from dis- 
tances of many hundred miles in great herds to the mouths of rivers 
to deposit their eggs in the sand. This turtle is often six or 
seven feet long, and weighs 600 or 700 pounds ; it is much esteemed 
for food, but the shell is of little value. 

The hawk’s-hill turtle, which-furnishes the tortoise-shell of com- 
merce, is caught in different parts of the Indian Ocean, among the 
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Molucca Islands, and oh the north-western coast of New Guinea. It 
is also found in the western .heinisphere, on the coasts of Haiti and 
of the Caiman islands, but the shell of this variety is loss valuable 
than that from the eastern seas. There are two species in the Me- 
diterranean, which are only valued as furnishing oil. A very 
peculiar turtle, with a leathery or coriaceous covering ( Testudo 
coriacea), has been sometimes caught on the English coasts, weigh- 
ing 800 pounds : as* this species is supposed to have been used by 
the ancients in the construction of their lyres, it has been called 
Lyre Turtle by the French. 

With respect to the whole order of reptiles* it is jvorthy of Re- 
mark that not one species is common to the Old and New World, 
and few to North and South America ; that those in Australia are 
altogether peculiar to that great continent ; and that, as far as is at 
present known, with the exception of the Marianne Islands, there 
are neither toads, frogs, nor snakes in an/ of the Polynesian 
Islands, though the Indian Archipelago abounds in them ; neither 
are they found in Tierra del Fuego, on the coasts of the Strait of 
Magellan, nor in th* Falkland Islands. • 

Five species of replies— a lizard, a frog, a toad, an 4 two tritons — 
are found in Ireland, where they must have existed*before its geo- 
logical separation from England. „ 
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CHAPTER XXXI. 

Distribution of Birds in the Arctic Regions — In Europe, Asia, Africa, America, 
and the Antarctic Regions. * 

More than 7500 families of birds are known, which, according to the 
mq?t generally adopted classification, are arranged in seven natural 
orders or groups, namely, Birds of prey— -or vultures, falcons, owls ; 1 
Perching birds, by much the most numerous, and which comprise 
the songsters ; Climbers, as parrots, woodpeckers, cuckoos, &c. ; 
Pigeons ; Gallinaceous birds, including our domestic fowls, par- 
tridges, grouse, pheasants, ostriches; Waders, as snipes, herons, 
curlews, &c. ; Wob-footed birdsf as ducks, petrels, albatrosses, gulls, 
&c. a Next to tfopical America, southern Asia is richest in species : 
the greatest number ofbirds of prey inhabit Southern America, which 
surpasses every country in the number and beauty of species. 

There is much similarity in the birds of the northern parts of the 
old and new continents, and sojnn few are identical. ‘ Towards the 
south, the forms differ more and more, till in the tropical and southern 
portion of the temperate zones of ^ksia, Africa and America they 
entirely differ, whdlelfymilies and genera often being confinH r.vithin 
very narrow limits. Some, however, are almost universally distri- 
buted, especially birds of prey, waders, and aquatic spfecies. 

Birds migrate to very <jreat distances in search of food, passing the 
winter in one country and the summer in another. As in cold 
climatfs insects die qr l^ybemate during winter, and between the 
tropics either perish or sleep in the dry season, so, in both cases, 
insect-eating birds are compelled to emigrate. When the ground is 
covered with snow, the want of seeds forces those whose food is 
vegetable to seek it elsewhere ; and in tropical countries the annual 
inundations of the rivers regulate the migrations of birds that feed 
onriish. 

Some migrate singly, some in groups, others in flocks of thousands ; 

1 Eagles, hawks, and owls devour the bones, skin, and feathers of theii 
prey, otherwise they could not digest their food. In falconry these are called 
castings, because after having served to digest their food, the birds bring them 
up their throats and cast them out of their mouths in little halls or pellets. 
The castings of small owls and woodpeckers are the bones -and hard coats of 
beetles, grasshoppers, and other insects on which they feed. No bird of prev 
will live long in confinement without some of these things chopped up m 
its food. 

* See the arrangement in the very beautiful work on Birds by G.R.Gray, Ksq. 
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and in some instances the old an$ the young birds travel separately. 
Those that fly ip large flocks .generally have a leader, and such as do 
so in smaller ’numbers observe a certain order. Wild swans fly in 
groups in the form of a wedge, wild geese in a line. Some birds are 
silent in their flighty others utter constant cries, especially those that 
migrate during night, as herons, goat-suckers, and rails, to keep the 
flock together. 

Birds of passage in confinement show the most insurmountable 
uneasiness as the time of migration draws near. 1 The Canadian duck 
rushes impetuously to the north at the usual pferiod of summer flight. 
The American Bobins, Goldfinches, and Hangnest^ brought from 
Canada to the United States when young, dart northwards, as if 
guided by the compass, as soon as they are set at liberty. Birds 
return to the same place year after year. Storks and swallows take 
possession of their former nests, and the times of their departure an* 
exact almost to a day. Various European birds spend the winter in 
Asia Minor and Northern Africa; while many natives of thes£ 
countries inhabit central Europe in summer. • 

The birds of passage are more numerous, both in species and 
individuals, in America tlian in any other country. Ducks, geese, 
and pigdons migrate in myriads from the severity of the northern 
winters in search of a more geni^J climate ; and, when there is a 
failure of grain in the south, different families of birds go to the 
north. The Virginian parjfcri^e crosses the Delaware and goes to 
Pennsylvania when grain is* scarce in New # Jdtaey ; but it is so 
heayyon the wing, that many fall into the river, and end the 
journey by swimming. 

The same thing happens to the wild turkey, which is caught by 
hundreds as it arrives wet on the banks df the Ohio, Missouri, and 
Mississippi. These birds are not fitted tor long fiigjit by their struc- 
ture ; their bones have fewer of those air-cells which give buoyancy 
to the feathered tribes. a The number of air-cells is greatest in birds 

• 

1 Time of the earliest arrival and latest departure of some of the migratory 
British birds : — • 

Arrival. ]>eparture. 

Sand Martin . . . . or Hirundo Riparia . . . . March 27, . . Sept. 21. 

Chimney Swallow „ H. Rustica April 11 . . Oct. 20. 

Common Martin . . „ H. Urbioa March 30 • . Oct. 20. 

Swift H. Apus April 27 . . Sept. 15 

Red Start ..... „ Phcenicura Ruticilla . . . . April . 6 . . Sept. 5. 

White Throat , , „ Sylvia Cinerea April 6 . . Sept. 8. 

Cuckoo .... ?. „ CuctU us Canon® April 10 . . June 30. 

Bed Wing . . . . „ Tardus Wants Sept. 26 . . April 3. 

Fieldfare T. Pilaris Sept. 29 . . May 1. 

Woodcock . . . . „ Soolopax Rusticola . . . . Oct. 15 . . April 2. 

* The quills of birds’ feathers are full of air, and the hollow cavities in 
their bones are so many air-cells, which they can fill at pleasure. In bird* 
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that have to sustain a continued and rapid flight ; probably the 
extremes are to be met with in the swift and the ostjTch*--the one 
ever on the wing, the other never— beside, the one has exceedingly 
long wings, the other hardly any. The strength of the ostrich is in 
the muscles of its legs ; while the muscles on the breast of the jiwift 
weigh more than all the rest of the body ; hence it is said to fly at 
the rate of 100 miles an hour. The wild duck and the wild pigeon 
fly between 400 and 500 miles in a day. The stork and some other 
migratory birds do not halt till the end of their journey. Many sea- 
birds are never seen to rest ; all birds of prey, such as the eagles, 
vultures, and hawks, are of strong flight, and capable of sustaining 
themselves at heights beyond the reach of less* buoyant creatures. 

DISTRIBUTION OF ARCTIC AND EUROPEAN BIRDS. 

The birds of. Europe and North America are better known than 
tfiose of any part of the globe. New species are constantly dis- 
covered in Asia, Africa, and South America. 

There are about 640 species of birds in Europe, many of which 
are distributed over northern Asia, without much apparent variation. 
Many of our European species are also found in North America, 
but nearly the wliple of these are marine birds of northern Europe, 
which, like all sea-fowl, have a wide range. 

More than tliree-vfcmrtlis of the spegps, -end a much larger propor- 
tion of individuals, t 'of r . the birds of Greenland, Iceland, snd- l*aroe, 
are more or hss aquatic, and many of the remainder are only^&^g- 
sional Visitors. Of the few small birds, the greater number are Bri- 
tish species ; but many that reside constantly in Britain are migratory 
in Iceland and Faroe,' and all the small birds leave Greenland in 
winter. ®The Haljcekus fdbiailld , or white-tailed fishing eaglf is one 
of the largest birds of these northern islands ; it feeds on salmon and 
trout, and builds its nest on the boldest crags. It is, however, 
exceeded in size by the Hdlicectus pelagljpu* of the northern Asiatic 
islands, which is perhaps the largest diurnal bird of prey in existence. 
The jer-falcon, or Falco idandicus, though native, is rare even in 
Iceland. The snowy owl ( Nyctea nivea ) lives near the glaciers in 
the interior of Greenland, and is sometimes seen in Orkney. The 
Rock-dove ( Cciumba cenas) lives on all the rocky coasts of Europe. 

that ascend to great heights like the Condor, the air in the bones is connected 
with the. lungs by larger openings than in. other birds, to 'enable them to 
breathe freely where the air is so much rarefied. To birds of long and high 
flight, at in the birds of passage, length of wing is also necessary. 

The Gannet or Poland goose can force air between its skin an&jta body, 
which makes it extremely buoyant on the water, and preserves it ^ni the 
cold of the stormy northern seas on which it lives. 
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Tlie true prows are inhabitants of every part of the globe, except 
South' America Australia. The Magpie is* met with every- 
where in Eutl^e. The Royston crow is seen within the Arctic 
circle, but as a summer visitor only. The Raven ranges from Green- 
land to Algeria, and a corresponding species in the New World, 
as far south as the Table-land of Mexico; it is capable of endur- 
ing the extremes of heat and cold, and is larger, stronger, and 
more ravenous in the Arctic islands than anywhere else. It is said 
to destroy lambs, and to drive the eider ducks from their nests to 
take their eggs or young. * 

W^ers are more numerous than land-birds in the Arctic regions. 
The snipe and the golden plover are mere hirers of passage; the 
oyster-catcher remains all the year in Iceland, where it makes its 
nest near streams, and wages war with the crow tribe. The heron, 
curlew, plover, and most of the other waders emigrate ; sand-pipers 
and the water-ousel remain all the year round. * 

Web-footed birds, being clothed with down and oily feathers, are 
best able to resist the cold of a polar climate. Tli& Cygnus music as, 
or Whistling swan, is the largest migratory bird of Europe or 
America. It is 5 feet long from the tip of the bill to the end of the 
tail, and ‘3 feet from tip to. tip of the wings : its plumage is of the 
purest white. Some of them winter in Iceland ; and in the long 
Arctic night their song is heard, al they pass in flocks : it is like 
the notes of a violin. Varjoudf species of the duck tribe live in the 
far p prodigious multitudes. The mallard, supposed to be 

theyrtSrigin of our tame duck, is found everywhere ir^ the Arctic 
lands. There are tfto European species of eider^duek: the true 
eider, Somateria moUissima , is widely dispersed over the islands 
and coasts of the North Atlantic, and sill the Arctic regions in 
Europe and America. In Europe one of its mosft southern hjiilding- 
places is the Fame Islands on the coast 6f Northumberland ; in 
America it is never seen soutji of New York. It lives in th.6 open 
sea in winter, and resorts to the coast when the grass begins to grow. 
The female makes her nest of sea-weed, lined with down from 
her breast. The islanders take the eggs and down twice in the 
season ; but they do not kill the old birds, because the down of 
the dead bird is of little value, having lost its elasticity. The 
third time the male repairs the nest with down from his breast : 
the birds are then allowed to hatch their brood ; and, as soon as the 
young can feed themselves, they are taken out to sea by the mother. 
They attain their' full growth in 4 years, when they measure 2 feet 
fropi tip to tip of the wing. The same couple has been known to 
frequent one nest 20 years, and the Icelanders think the eider-duck 
lives to the age of 100. The second European species of eider is«tho 
King-duck (Somateria spytabilis). 
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Cormorants, which live on fish, are universally distributed over 
the northern seas, but are scarcely ever eaten by the natives. The 
cormorant sits singly, or sometimes in flocks, on the Aoks, watching 
the film with its keen eye : it plunges after them* andpurerues them 
for three or four minutes under water. Auks are very numerous, 
especially the razor-billed aut ; but the great auk, which is 
incapable of flight from the smallness of its wings, is now nearly 
extinct in the Northern seas. Terns, or sea»swallows, are seen 
everywhere in these seas, skimming along the surface of the water, 
devouring mollusca and small fish. Gulls of many speoieB, and in 
countless thousands, are inhabitants of the Arctic regions, whilst the 
temperate and # trojucal seas # are tenanted by the equally numerous 
genus Procellaria, or Petrel. No birds are more widely dispersed 
than these two genera. They are at home, and brave the storm, in 
every latitude and in every sea. There are nine or ten species of 
gulls in the Arctic regions, and the most numerous of these pro- 
bably are the kittywakes, the young of which cover the rocks in 
Iceland, packed su close together that- 50 are killed at a shot. 

The Skua Gull is a bold and rapacious bird, forming a kind of 
link between gulls and birds of prey. It lives by robbing other 
birds, and is so audacious that it forces the gulls to disgorge the fish 
they have swallowed/ Its principal places of rendezvous are in Faroe, 
Shetland, and the' Hebrides, where it hatches its young, and attacks 
animals of every kind if they come neStr it. 

The South Pacific and the Antarctic? £eas are the favopritejesort 
of Petrels. ^They take their name from the faculty they hah&gl 
skimmjng the w^ves with their legs hanging "down, giving fifein 
the appearance of walking on the water, 1 in which they are aided 
by their very large flat: webbed feet and widely-extended wings. The 
stormy petrels, consi|tin" of several distinct species, about the size 
and colour of shallow, th£ tempest-bird or Mother-Cary’s-chlcken 
of the 'sailors, are the most widely diffused ; their flight is rapid ; 
they shelter themselves from the storm in the hollow of a wave, 
and go to land only at the breeding season. 

It has been observed that all birds living on islands fly against the 
wind when they go out to sea, so as to have a fair Wind when they 
return home tiifed. The direction of the prevailing winds, conse- 
quently, has great influence on the choice of their abode : for example, 
the 25 bird-rocks, or Vogel-berg, in Faroe, face the west or north- 
west ; and no bird frequents the cliffs facing the east, though the 
situation is to all appearance equally good i a preference accounted 
for by tbfe prevalence of westerly wind in these latitudes/ 

Most marine birds are gregarious. They build their nests on the 

1 Petrel, from St. Pe^pv 
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Bam&xo^jxd live ^in-iOQfiMyji-. a curious instance occurs on 

the roeksirtttve mentioned, The Vogei-berg lies in a frightful 
chasm among* the cUffr of Westmanshavn in Faroe. The^asm 
is encompassed by rocks 1000 feet high, and myriads oFsea- 
fowl cluster around the top of the crags ; but different kinds have 
separate habitations; and no race or individual leaves his own 
quarter, or ventures to intrude upon that of his neighbours. 
Upon seme low rocks, scarcely rising above the surface of the 
water, sits the glossy cormorant ; the predatory skuas, on a higher 
shelf, are anxiously regarded by myriads of kittywakea on nests in 
crowded rows along the shelving rock above, with nothing visible 
but me heads of the mothers almost touching one another ; the auks 
and guillemots are seated a stage higher on the narrow shelves, in 
order as on parade, with their white breasts facing the sea, and in 
absolute contact. The puffins form the summit of this feathered 
pyramid, perched on the highest station, and scarcely discernible 
from its height, if they did not betray themselves by flying back* 
wards and forwards. Some of these tribes hav£ a watch posted 
on the look-out for their safety; and such confidence has the 
flock in his vigilance, that if he is taken the rest are easily caught. 
When the whole take flight, the ear is stunned bydheir discordant 
screams. * 

The greater part of the marine birds of the Arctfc seas are inhabit- 
ants also of the northern coasts of the continent of Europe and visit 
the Bntjslyslands. 

Jj&w parts of Europe are richer in birdS than Britain, both in 
species and the nutnber of individuals; and the # larger ggme is 
so abundant, that no one thinks of eating the songsters and other 
small birds, as we see in the south of Europe. Of the 540 species 
of European birds, 277 are found in />ur islands. It is jerobable 
that most of the British birds came* frfim Germany before the 
separation of our island from # the continent, and many. of short flight 
never reached Ireland. 

There are five European species of vulture ; the'Lammergeyer of 
the Alps and Pyrenees builds its nest in the most inaccessible parts 
of the mountains, and is seldom seen ; it lives also on the mountains 
of Northern India, Abyssinia, and in the steppes ofrMongolia. Ten 
species of eagle are European ; one is peculiar to Italy and Northern 
India; and few if any of them are common to America. The golden 
eagle is perhaps an exception ; that beautiful bird, which once gave a 
characteristic wildness to our Scottish mountains, and the distin- 
guishing feather to the bonnet of our. Highland chieftains, is now 
nearly extirpated, and so are some of our numerous hawks. Among 
others the jer or gentil falcon has been so much hunted down, that it # 
is now rare even in Iceland,"! ts native place : there are still a fqw in 
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Scotland, and several are caught in their migratory flight over the 
Low Countries and trained by the expert falconers for the how 
nearlMbsolete sport of falconry. The Bandion or Osprey of Europe 
is replaced in America by a kindred species, which some authors 
consider merely a variety of our bird. 

The owl tribe is numerous, and many of them are of beautiful 
plumage. The Bubo maximu8 y or great homed owl, the largest of 
our nocturnal birds, inhabits the forests* of central and Southern 
Europe ; it is rare in France and England, though not uncommon in 
Ireland and Orkney : in Italy a small owl is tamed and used as a 
decoy in the capture of smaller birds. 

The two species of our European goatsuckers migrate to Africa in 
winter ; their peculiar cry may be heard oh a moonlight night when 
a large flock takes wing for the journey. Our swallgws go all to 
Northern Africa : one of our kingfishers (Alcedo ispida ) is resident ; 
the other ( Ceryle nidus), is a native of Lower Egypt and the shores 
of the Bed Sea, and only occasionally found in southern Europe. 
Some of the species of European creepers, or Certhiidce , crawl on the 
trunks and branches of trees in search of insects ; others pursue their 
prey clinging to the face of rocks and walls, supported by the sfW' 1 
elastic feathers of the tail. Tiie Hoopoe, or Upupa. , an inhabitant^ 
southern Europe, seeks for insects on' the ground. 

The sylvidaa have soft and pointed beaks, and feed on insects 
and worms ; the nightingale, the robin-redbreast, the wren, the 
smallest of European birds, the warbfefs, and whi te-thimt* J)«long 
to this family. Four species of fly-catchers are found in EuNjpe, 
and fhre species .of shrikes. The Frihgillid® or thick-billed birds 
are numerous in Europe ; to them belong some of our finest songsters. 
Thick-billed birds live on* grain-seed, as the common sparrow, 
gold an(J other finches, linnets, buntings, and crossbeaks. Havens* 
crows, jays, and magpies' abound ; the Alpine crow and nutcracker 
are fotind in central Europe only. Compared with America the 
starling family are few in species, as well as the woodpeckers, 
of which we liave six, some very beautiful. There is only 
one* cuckoo purely European ; the other two species that visit 
us arrive only accidentally, and all are birds of passage. There 
are four species of pigeons : the ringdove frequents the larch 
forests, and is permanent ; the stockdove leaves us in October ; 
the Biset or rock pigeon, supposed to be the parent bird from 
which the infinite variety of our domestic pigeons has sprung^ 
flies in flocks, and makes its flimsy nest on rocks on the sea- 
coast. Of gallinaceous hi id a we possess many: the pheasant has 
been introduced from the adjoining parts of Asia; the capercailzie, 

, or gigantic black grouse, for many years extinct in the British 
forests, but recently restored to Scotland, still inhabits many parts 
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of Europe; in Scandinavia especially it is plentiful as far as the 
pine-tree grows, which nearly to North Cape, and also in the 
Russian forests. The hazel grouse frequents, the pine and aspen 
forests in central and northern Europe, where the black-cock also is 
plentiful. Five species of grouse and six of partridges afford abun- 
dance of game ; four of the latter are confined to the southern parts 
of the continent, and so are the sand grouse, which form a separate 
genus. They inhabit the sterile plains of Andalusia and Granada, 
southern Italy, and Sicily. The Tumix Andalusica , a peculiar 
bird allied to the quails, is found in the south ef Europe-only. 

European waders are very numerous, and amOng them there are 
species of most of the described genera ; woodcocks, afiipes, plovers, 
and curlews are very abundant, and herons of various species ; there 
are three species of egret or crested heron, and the common heron 
now assembles on the tops of trees unmolested, since the progress of 
agriculture has rendered the country unfit for hawking. Two 
species of cranes, a stork, and two species of ibis, are met with 
in Europe: a flamingo lives in the south-eastern parts of the 
continent, and in the Maremma or plains on the western coasts 
of Italy. Many of the waders, however, migrate in winter. The stork, 
so # great % favourite in Holland that it is specially protected, is 
migratory ; it retires to Asia Minor and Africa, and, on the return 
of summer, resumes its former nest on a chimney-top, breeding in 
l>oth countries. About 140 # species of European birds either live in 
the n^rejjjevated parts of th^Alps, or cross tliapi in their annual 
migr^ffons. They generally take their flight by the^ Great St. 
Bernard, the pass of St. Theodule, the Simplon, and St. Gotjiard. 
Europe is particularly rich in aquatic birds; there are three wild 
species of swans, four of geese, and more than thirty of the duck 
tribe, including those that inhabit the Arptic seasf 

BIRDS OF ASIA AND VHE INDIAN ARCHIPELAGO. 

European birds are widely spread over Northern Asfla ; most of the 
Arctic sea-fowl,,frequent its northern coasts : between 50 and §0 
European birds are also Siberian, and there are above 70 European 
species in Japan and Corea, which probably also extend to Siberia 
and the Altai Mountains, and some few are identical with the birds 
of North America ; so that the same affinity .prevails in the feathery 
tribes of the Arctic regions as in the vegetable productions. 

Asia Minor is a country of transition, and many European birds 
are mixed with those of warmer regions, as the BMcyon Smymensis , 
a bird with gorgeous plumage, identical with the great Bengal king- 
fisher so generally found in India. European birds also inhabit the 
Caucasus, the shores of the Caspian Sea, and Persia. Moreover 
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these warmer climates are the winter quartern of various European 
species. 

It^ Asia Minor, and especially in Armenia, the number and variety 
of birds is very great ; eagles, vultures, falcons, buzzards, quails, 
partridges, starlings, herons, storks, cranes, grebes, swans, wild geese, 
ducks, and pelicans,' are natives of these countries ; besides otter 
singing-birds, the nightingale, the constant theme of the poet's song, 
abounds in Persia: hawks are trained < for hjmting deer inrthat 
country, and the Asiatic partridges, or franoolins, more vividly 
coloured than ours, have beaks fitted for digging up bulbous roots, 
which form their principal food in the deserts. ^ 

Farther east the types become more Indian ; the great peninsulas 
on each side of the Ganges are the native countries of the most 
gorgeous of birds. Many species of kingfishers of the brightest 
colouring are found here ; the plumage of the fly-catchers has the 
richest metallic lustre; and the Bhrikes, of a sober hue in our 
northern latitudes, are there decked in the most brilliant colours ; 
the Irene has a coat of the brightest ultramarine bine, and the 
Calyptomene of Sumatra and Malacca one of an equally brilliant 
emerald green. 

The large-beaked climbing-birds are singularly handsome. The 
small collared parakeet, so easily taitght to speak, has inhabited the 
Indian forests and 'the banks of Che Ganges time out of mind, with a 
host of congeners of every colour ; not one species of these, or indeed 
of the whole parrct° tribe, is commdh* to" Asia, Africa, America and 
Australia, nor even to l 'any two of these great continents; except the 
collared species, which is found in Africa as «rell as India. They 
are vividly coloured in India, in which the numerous species of 
cuckoos* rival them ; several genera of birdS of the cuckoo family 
exist nowhere else, as, the large-beaked Malcohas, the Coucals with 
their stiff feathers, and certain genera of Couroucous or Trogons, 
clothed in the*brightest tints of vermilion and grepn. 

Southern Asia is distinguished by the variety^ its gallinaceous 
birds and the gorgeousness of their plumage. To flbis country we 
owe our domestic fowls ; and the two known spq0fes of peaedek 
are wild in the woods of India and its islands. The Polyplectton, 
of which there are several species, and the Tragopans, are natives of 
Northern India and China ; and some of the most brilliant birds of 
the East belong to the pheasant tribe, of which five species are peculiar 
to China and Tibet. There are various species of the pheasant in the 
Himalaya, whose feathers have a metallic lustre. The gold, the 
silver, usd Beeves’Jpheasant, the tail-feathers of which latter are four 
feet long, are natives of China. The Lophophorus refulgent , and 
some others of that genus, are peculiar to the mountains of Northern 
India. 
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ax^’Voy splendid in tfeeir plumage ; they mostly 
belong to Sontbem Asia arid the islands ; several of those in the 
Birman empire are green. 

It would be vain to enumerate the beautiful birds that live in 
the. of the Asiatic continent, yfet those of the Indian Archi- 
pelago far surpass them in. splendour of plumage ; these islands, 
indeed, are the abode of the most gorgeously, arrayed birds in 
existence. . Even in Java $nd Sumatra, though most similar to India 
in their winged inhabitants, there are many peculiar, especially 
several species of the climbing tribe, and of tl$ honey -sucking kind ; 
but. the dissimilarity increases with the distance; and in New Guinea 
and its adjacent, islands the honey-sucking genera &e developed in 
novel forms and sumptuous plumage, and the ornithology generally 
is* more nearly allied to that of Australia. # 

About 3$ genera are peculiar to India : 32, with all their nume- 
rous species, are found exclusively in the island^ of the Indian Archi- 
pelago,, and several of these are limited to one or two islands. There 
we find the Cassicans, which resemble jays, with plumage of metallic 
lustre; various species of Buceros with large homed beaks, Orioles 
of vivid colours, the Swallow that builds the edible nest, numerous and 
splendid # Sylvias, and many species of MdliphagidtB'Qp honey-sucking 
birds whose tongues terminate tike a brush. Several species of Birds 
of Paradise inhabit New Guinea ansi the neighbouring Molucoas and 
Amo Islands. They are bird* of passage, and change their quarters 
with the monsoon. The Kinder Royal Bird of l^ttadise has two long 
slenc&r n laments projecting from the tail, ending m a curled fiat web 
of Emerald green, and the male of the green species has^ong flowing 
plumes from the sides of his body, which give 'him a gorgeous 
appearance. The pigeons are peculiarly beautiful and numerous, but 
limited in their abode. The two species of G6u?a, or great crowned 
pigeon, the largest of their tribe, are inhabitants ofNew £uine£ Each 
island has its own species, of Lories ; many Parrokeets, Cockatoos, 
Coucals, and Barbeft with hugfe beaks, are peculiar to these islands. 
Even the partridges have changed their dull colours and assumed 
the vivid hues of the tropics, as the green and tufted Cryptonyx. 
Other gallinaceous species far surpass them in beauty, as the Argus 
pheasant. One of the Cassowaries, a bird akin to the ostrich, with- 
out the power of flying, but fleet in its course* has a wide range in 
the Indian Archipelago. 

- % 

AFRICAN BIRDS. 

A great number of European birds are also inhabitants of Northern 
Africa, and many migrate there in winter, yet the birds of the main 
part of the continent are also peculiar and characteristic ; those of the 
west and north-east, and at the Cape of Good Hope, are best known, 
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the* greater part of tropical Africa "being still unexplored by the 
naturalist. It may be observed, generally, that the South African 
birds differ from, but are, with few exceptions, corresponding species 
with those in the western and north-eastern parts of the continent, 
and that the whole of Africa sSuth of the desert differs in species from 
northern Africa and from Europe. Moreover, there is a strong analogy, 
though no affinity, between the birds of Africa and America in the 
same parallels of latitude ; there is not a fsingle perching bird Com- 
mon to the two continents. ' 

There are # upwards of 70 species of birds of prey, of which a few 
-are also European. <The secretary-bird is the most singular of this 
order : it prey? upon serpents and inhabits the southern parts of the 
continent. Africa possesses at least 700 species of the passerine ord$r. 
Many kingfishers,, the most beautifully coloured of their brilliant race, 
frequent the hanks of the lakes and rivers : two species of hoopoes, 
one of which visits Europe in summer, and the honey-birds, the repre- 
sentatives of the humming-birds of South America, are peculiarly 
abundant in Afriqi. They abound at the Cape of Good Hope, Y&ere 
the nectaries of the Proteas and other plants furnish saccharine juice 
for their food. The Malurus Africanus, and many other singings 
birds, for the «it)st part unknown elsewhere, inhabit the forests. 
The canary-bird is confined to the Cfinary Islands ; its song differs 
even in two adjacent districts : there are, however, instances of this 
among other species. Various genera of Bush-shrikes, many of which 
are remarkable fofjtlia soft and lax furthering of the lower hack, are 
peculiar to Africa; likewise a very fine group of birds allied to 
the Starling^ conspicuous from their brilliantcand glossy pluma^ 
belonging to the' genus Juida and its allied forms. The Ox-picker 
or Buphaga, of which *two*species are known, is also highly charac- 
teristic of African ornithology. The W eaving-bird, or Ploceus textor, 
is one of the *most remarkable of the granivorous tribe ; it dexter- 
ously ^weaves its nest with grass and twigs. The Whidah-bird, 
several species of Bee-eater, the Colious, an<P all the Touracous 
or Plain tain -eaters, with many species of Woodpeckers, are found 
nowhere felse. The parrots, which are much Nik numerous than in 
Asia or South America, are of peculiar forms. One species of Trogon 
and several genera of Barbets are purely African, and so are some of 
the cuckoos. Among the latter are several species of the genus 
Indicator, so named from indicating where the bees have placed their 
nests; one of these is peculiar to Abyssinia, another to the interior 
at the Cape of Good Hope and the forests on the Zambeze. 

There are at least 20 species of African pigeons ; and to Africa 
we are indebted for the Guinea-fowl, of which there are six or seven 
species known : it wanders in flocks of hundreds among the brush- 
wood on the banks of rivers and lakes in all the tropical regions, 
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and they are even more Abundant in Madagascar. Many species 
of gallinaceous birds are peciiliar, especially the Gangas, of 'which 
there -are np« less than five ; some unite in coveys, and others 
traverse the deserts in .flocks of many hundreds. These birds are 
much more abundant on the arid deserts of north Africa than in 
Europe; the partridges in this country are represented by the fran- 
colin. 

The ostrich occupies the wide range of Africa and Arabia ; and 
'bustards, also wanderers in the plains, are numerous: the most 
peculiar are the Houbara and the Otis caffr p 9 in Southern Africa, 
the latter five feet high, remarkable for the brilliancy of its eye. 

Waders of infinite variety inhabit the rivers, lakes* and marshes- 
^oodcocks, snipes, plovers, storks, cranes, herons, and spoonbills. 
The most peculiar are the Dromes and Marabous, whose feathers 
form a considerable article of commerce ; the cream-coloured plover, 
the Scopus or Ombrette, the water-treader qf Abyssinia, and the 
Tantalus or Curlew tribe, to which belongs the Ibis (Ibis religiosa), 
held sacred by the ancient Egyptians, so frequently found as 
mummies in the catacombs, and represented on their monuments, 
and the recently discovered anomalous bird the Balvmiceps rex , 
which inhabits the upper branches of the White N^e, where it feeds 
on water-tortoises and lizards? 

Swimming-birds are no less numerous : the Bernicla cyanoptera . 
is a species of goose peculiar Jx> Shoa : the Rhynchops and Pelicans, 
several species of the dufck %4ribe, are foun<J •nowhere else. There 
are 56 geflhra with all their species entirely Affican, many of which 
are confined to limited areas of country. 

BIRDS OF NORTH AMERICA. 

Of 500 species of North American bjrds, abeut 100 are also found 
in Europe, the greater number of whi«h hire* aquatic, anfi live on 
the northern coasts of both continents. The sea-birds of the North 
Pacific and Behring Strait very nearly resemble those in the Green- 
land seas and the North Atlantic ; the great Auk of our northern 
seas also exists on the North Pacific ; and the large white albatyoss, 
seldom seen in the North Atlantic, frequents in immense flocks 
Behring Strait and the western coasts of North •America. It is 
met with almost everywhere in the Pacific as far as the stormy 
regions near the Antarctic circle. Like the Petrel, it is a bird of the 
tempest, sailing calmly on its wide-spreading wings in the most 
tremendous gales, and following a ship for days, seldom resting on 
the wave : this and the Great Petrel are the largest of winged sea- 
fowls ; some measure 14 feet between the tips of the wings* 

There is no species of vulture common to the two continents, but # 
there are eagles, and* other birds of prey, and several waders and 
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weMooted tods : yet in their general character the ^ biida of lsrorth 
America differ from those of Europe : 81 American generic fbrhis 
and two families are not found in Europe. The hamming-biMs 
are exclusively American ; only four species are found inthe United 
States. The Parrot family, has but one representative here, which 
lives in the forests of the Carolina*. It is singular that a coutitiy 
with so many rivers and lakes should possess only one kingfisher. 
The woods are filled with many species of creeping birds, and there are 
numerous peculiar species of wood- warblers and tyrant-fly-catchers. 
Ravens, cro^s, pies, and jays abound. The finch tribe are very 
numerous, and there are 16 species of woodpeckers, as might be ex- 
pected in a country covered with forests. Of pigeons there are eight 
species, but individually they are innumerable, especially the EctQr 
pistes miyratoria , which passes over Canada and the northern States 
in myriads for successive days twice in the year. Our poultry-yards 
are indebted to North .America for the domestic turkey, which there 
ranges wild in its native woods and attains great size. There are no 
partridges, properly speaking, but the Ortyx, a genus closely allied, 
represents them, and of 13 American species of grouse, only one 
probably is found in Europe. The vast expanse of water and marshy 
ground makes North America the favoured region of innumerable 
water-fowls and waders. Most of the w&ders and granivorous birds are 
migratory ; in winter finding no fdod north of the great lakes, where 
the ground is frozen upwards of six months in the ye^ they are 
obliged to migrate tq /the south ; many , as Storks anMfifeLeS, $ass 
the winter in California ; wild geese cover acres of groimfl^tear the 
sea, and wheiijhey take wing their clang is heaid from afiuvEven 
gulls and other northern sea-birds repair to the coasts of: California, 
and to the temperate shares of all the north Pacific. 

It maybe said generally thp,t, with regard to the web-footed order, 
North Ainericaepobsesses "species of all the genera of the Old World, 
and many peculiarly its own. The table-land oOfexioo has some 
peculiar forms, and a few species of swimming-mrds found only in 
more northern latitudes. 

BIRDS OF SOUTH AMERICA. 

The inhabitants of the air in South America differ more from* those 
in. North America than these latter do from the birds of Europe: 
there are not more than 50 or 60 species common to the two con- 
tinents of the western hemisphere. South America has a greater 
variety of^pginal forms than any other country; more than 200 
genera with all their species inhabit that continent only ; of the 
passerine Ihmily alone there are at least 1000 species, all peculiar to 
«it. The vultures belong to different forms from those in Europe ; 
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the Condor of the Andes is the largest; it frequents the highest 
pinnacles of the Andes in summer, and builds its nest at the height 
of 15,000 feet jmd more abbve the sea; Humboldt saw it Wheel* 
ing in circles at the elevation of 22,000 feet* It inhabits the Andes 
from the Strait of Magellan to TN. lat., but it has never been 
seen north of the isthmus of Panami, the Californian Condor being a 
different and smaller bird. It roams over the plains of Patagonia 
even to the mouth of the Rio Negro, and at times descends from 
the Andes to the seft-shore* to feed upon dead whales ; like all the 
vulture tribe, it possesses the faculty of discovering a dead or a 
dying animal from a very great distance. A'l^hough Che Condor 
lives principally on dead animals, it will sometimes attack the 
living; its habits are those of oqj common vulture; its size 
and ferocity have been much exaggerated; the most remarkable 
point in its history is the great vertical extent at which it is known 
to live, from the level of the sea to an elevation of nearly four 
statute miles. The Sarcorhamphus papa r or king of the vultures, 
an inhabitant of the tropical regions, is remarkable for the bright 
blue and vermilion colour of its bare head and heck; the black 
vulture lives in large docks on the high trees in the silvas of 
Brazil, aiyd extends as far northwards as southern Mexico other 
species prey on animals in the llanos or plains. Many other birds 
of prey are peculiar to this continent ; the burrowing owl (Athene 
cunicularia ), so common in the Pampas of Buenos Ayres, is one of 
these, but has representative smecies in the Antilles and northern 
America. The Guacbaro, or Fat-bird, whic]j* fdhns of itself the 
gen fts Steatomis, is tfce size of a common fowl, with the form and 
beak of a bird of prey, wid is a singular instance* of *a nocturnal 
bird feeding on fruit. If shuns the daylight^ and is found under 
the natural bridge of Pandi, near Bogota, and in the caverns of 
Guadeloupe and Trinidad : incredible numbers irn^e taken posses- 
sion of the dark cavern of Guacharo in ttie valley of tlaripe, where 
they are killed by tJ||usands every year for their fat. 

The Troupials represent our Starlings, the Batanyst and Becardes 
our Shrikes, while the Tanagers, gaily-coloured members of the 
family FringUlidcSy show likewise some connection with the American 
Wood-warbler. The Trochilidoe , or 'humming-birds, are peculiarly 
characteristic of South America ; 800 species of this group, from the 
size of a wren to that of a humblebee, adorn the tropical regions of 
Brazil and Guiana. This family, so peculiarly American, has a 
range from the Strait of Magellan to the 38th parallel oOT. lat ; 
it may he met with in the forests on the mountain of VBhba, at 
an elevation of 11, WO feet above the sea ; and some beautiful species 
of it at still greater heights in the Andes of Bolivia and New Granada. 
There are only three or four humming-birds that visit the United 
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States, but many are permanent in Central America : in some places 
these birds are migratory ; they come in multitudes to northern Chile 
in summgr, and disappear in winter. The climbing-birds, with large 
bills, are mostly confined to the tropical forests, which swarm with 
peculiar races of parrots, paroquets, and macaws. It is a remarkable 
circumstance in the distribution of birds that there should be 60 
species of parrots in the torrid zone of America, and only seven on the 
opposite continent of Africa, though the climate is similar and the 
vegetation nearly as luxuriant. Parrot range from the Strait of 
Magellan to the 42nd parallel of N. lat., where the Eider-duck, which 
is a peculiarly Aijfiic bird, first shows itself. There are whole 
families of birds in tropical America not to be seen elsewhere : as 
the vividly-coloured Toucan^ with its huge beak ; the Aracari, 
some peculiar genera of the gorgeous Trogons or Couroucous ; the 
Tamatias and Jacamars, which are both related to the King-fishers. 

The gallinaceous family is totally different from that of the Old 
World ; the Guan or Penelope, and the different species of Crax or 
Alectors, represent our pheasants, which they exceed in size and bril- 
liancy of plumdjge ; whilst the numerous species of Tinamous and 
cognate genera fill the place of th* grouse, quails, and partridges of 
the o^d continent. South America furnishes two species <pf gralla- 
torial birds of a very peculiar character— the Cariama of Brazil, 
like the secretary-bird of the (JJape of Good Hope in its form and 
its instinct for destroying reptiles, although belonging to a different 
order ; and the Kamichi, which po^ses^ts a sharp triangular spur at 
the point of each°wipg, an instrument of attack and defence such 
as is possessed by no other bird to the same extent. 

The three-toed or American Ostrich ranges, like all its congeners, 
over a wide extent of country. One specie? the Rhea Americana, is 
found from the silvas of Brazil to the Rio Negro, which bounds the 
Pampas of Bueijos^tAy^es cfti the south, and in sdtne of the elevated 
plaiqs of the Peru-Bolivian Cordilleras ; while the Rhea Darwinii 
roams over the plains of Patagohia te the Strailfcf Magellan. 

The water-fpwl and waders in this land of rivers are beyond 
number ; millions of Flamingoes, Spatulas, Cormorants, Herons, and 
Fishing Falcons follow the fish as they go up the rivers to spawn ; 
a little snow-white hgron walks on the back and over the head of 
the alligator w'hile it sleeps. Thewater-fowl are almost all peculiar. 
Eight or nine genera belonging to the warm climates of the Old 
World are here represented by new forms, and the number of specific 
formsoUhe same genus is greater than in any other country. The 
splencflpd Ibis, or Ibis rubra , inhabits Cayenne; jfche Eury~ 
pyga ham, the most beautiful of the heron tribe, from its varie- 
gated plumage, is found in the same country. 

Ducks migrate in immense flocks, alternately between the Orinoco 
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and the Amazons, on account of the greater supply of fish afforded 
hy the floods of these rivers, which take place at intervals of six 
months from qach other. Between the tropics the vicissitudes of 
drought and humidity have much influence on the migration of 
birds, because the supply of their food depends upon these atmos- 
pheric changes. 

If anything more were required to show the partial location of 
the feathered tribes, the Galapagos Archipelago might be adduced as 
an example. Of 26 birds collected by Mr. Darwin, 25 were peculiar, 
though, bearing a strong resemblance to American types : some (the 
Orpheus and the GedBpizince) were even confined t# particular islands. 
But on this comparatively recent volcanic group, oitly 500 miles 
distant from the coast of America, everything is exclusively its own 
— Birds, plants, reptile’s, and fishes ; and though under the equator, 
none have brilliant colours. 

The coasts of Bern and northern Chile, from .their desort na|pre, 
are not rich in land-birds, but in southern Chile there are scveraL 
species of humming-birds, parrots, flamingoes, peculiar ducks and 
geese ; and there commences that inconceivable quantity of sea-birds 
that swarm on the seas and coasts of the Antarctic regions. The 
black sheejrwater, or Itynchops nigra , in its flights hqp been seen to 
form a dense mass seven mile:* long ; a particular species of cor- 
morant flies in flocks that form an#unhroken line for miles. Peli- 
cans, terns, petrels, &c. &c., cov^r the low islands and coasts of tho 
mainland, and those of Tierr&*dfJ Fuego. , • • 

In tfte Antarctic and Southern seas |>etrels.take the place which 
gulls* occupy in our northern latitudes, and inhabit the higff southern 
ones in prodigious numbers. Two remarkable specieb of this genus 
are found throughout the* Southern Ocean on .both sides of Cap© 
Horn — the Giant Petrel (P. gigantea), equal the Albatross in 
size, and resemblh!^ it in its mode of life*— ft ^bmetii$es becomes 
perfectly white ; and the Equinoctial Petrel (f*. cequinoctidh's), a 
beautiful bird as la^e as our* domestic fowl, and of a jet-black 
colour. A floc^, of wliat' was supposed to he the young of the 
Petrel Pintado, or Cape Pigeon (P. capensis), seen during the expe ; 
dition of Sir James Ross, was estimated to have been from six 
to ten miles long, and two or three miles broad, absolutely darken- 
ing the air during the two or three hours they were flying over the 
ships. The snowy petrel, a most elegant bird, never quits the ice, 
and consequently is seldom seen outside of the Antarctic circle. Four 
species of the Southern Penguins (Aptenodytes) inhabit thaw seas ; 
the A . Forsteri , the largest of sea-birds, a rare and, for tno most 
part, solitary species, lives on the pack-ice, weighing from 60 to 70 
pounds. Two other species of this genus are smaller and gregarious ; 
they crowd in myriads the snow-clad islands in the high southern 
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latitudes j every ledge of rock swarms with them, and on the shore 
of Possession Island, close to Victoria Land, it is difficult to pass 
through this feathered multitude. They are fine, bold birds, peck- 
ing and snapping with their sharp bills at those who venture to 
approach them. They can scarcely walk, and, their wings being 
mere flappers, they cannot fly ; from the position of their legs, they 
can stand erect on land, whilst they skim along the sea, and swim 
with great rapidity, even under water, rgsembling more a fish or a 
seal than a bird in their movements. Two species of albatross breed 
in the Antarctic islands ; and a kind of skua gull, which robs their 
nests ; also a goose c which, like the eider-duck, ones its nest wfth the 
down plucked^ from its breast. A very curious bird, forming a kind 
of link between the gallinaceous birds and waders, the Chionis or 
Sheath-bill, is only found near the southern extremity of the American 
continent : it is of a milky white, of the size of our domestic pigeon, 
and tfben takes refuge on the yards and rigging of ships off Cape Horn 
and Staten Land, where it lives chiefly on a small species of cuttle- 
fish. Few land-birds are met with within the Antarctic circle : there 
are but seven or eight in the Auckland Islands, mostly species 
common to New Zealand ; among others, the Tooa or Tui, and an 
olive-coloured .creeper, the choristers of the woods. Ona land-bird 
only was met with in Campbell Island, 

o 

AUSTRALIAN BIRDS. 

• 

The birds of Australia are in nf«ny° respects as peculiar as the 
quadrupeds and plants of that continent : a white falfcoi^is among 
its birds of^rey, a black swan among its water-fowl, and nearly 80 
genera of other birds are entirely Australian. The Pasaeres aTe so 
peculiar that they haye *furnished many new genera. . ; The Rower- 
birds (so called from the hpbit the male bird has^f |^$^hj^|NDwers 
for playing-plaCCs)^ thfc Begent Oriole, or Sericulus, of ilp^ptdid black 
and “yellow plumage, and a great proportion of tfcfe vajd^d family of 
Honey-eaters, are essentially Australian. Two species of Menuru, or 
Lyre-bird, so tailed from the resemblance its outiptowLtail bears to 
the form of the ancient lyre, are the otil^b^ds of the genus, and 
approach the character of the gallinaceous family* Here are many 
new forms of cuckdbs, as the Couc&l and the Scythrops. Of 
woodpeckers there are none. The parrots, parakeets, and cocka- 
toos are all characteristic, especially the black cockatoo, which is 
found in Australia only ; it is not so gregarious, but even more sus- 
picious*0ban the white cockatoos, which plant a sentinel to warn 
them ofdanger. Pigeons and doves abound ; and the Cereopsis goose 
is no less peculiar among the web-footejl tribe. The desert plains of 
this great continent, are inhabited by the Emu, a large struthious bird, 
inpapable of flight, like its congener the Cassowary, and once very 
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plentiful, but now in progress of being extirpated or driv|p by tlie 
rapidly-extending colonists to the uilexplored regions of the interior. 

Two, if not •more, species of the Apteryx, birds of the same 
family, still lipger in New Zealand, but* are on the verge of extinc- 
tion ; they probably owe their preservation to their nocturnal 
habits. This anomalous genus partakes in its zoological cha-' 
racters of several others : the head is something like that of the 
curlew, with a long^ slender bill, fitted for digging into the ground* 
for worms and grubs; the legs and feet resemble those of the 
common fowl, with a fourth toe or spur behind ; and the wings, if 
wings they can be called, are exceedingly small. In a specimen 
whose body measured 19 inches, the wings,, stripped of the feathers, 
were only an inch and a half, ending in a hard homy claw three 
inches long. These comparatively small wings are characteristic 
of the whole family ; the Ostrich and Rhea have the largest, which, 
though unavailing in flight, materially aid their progress In running 
by serving as a kind of sail ; the wings of the Emu and Apteryx 
are ouly instruments of defence : the whole tribe also defend 
themselves by kicking. No animals have a -more remarkable geo- 
graphical distribution than this family, or show more distinctly the 
decided limits within which they have originally been*placed. These 
huge birds can neither fly nor Swim, consequently they could not 
have passed through the air or the Scean to distant* continents and 
islands. They form five dtetinot genera, to eaclj of which very ex- 
tensive and widely-separated fcolfhtries have beten allotted : the Os- 
trich is spread over Africa, from the Cape 8f Good Hope .to the 
deserts of Arabia ; twO species of the Rhea range over the Pampas, 
the plains of Patagonia, and the elevated valleys of Southern Bolivia 
and Peru ; the continent of Australia is tin* abflde of the Emu ; the 
Cassowary roves oyer some of the large islancty offthe Indian Archi- 
pelago ; and the Apteryx, as stated above, ifwells exclusively in New 
Zealand. The Dodo a very ljrge, short-winged bird, ^ extirpated 
within the memory of man, inhabited the Mauritius, # and belonged 
probably to the ostrich tribe. Recent observations of its skeleton 
have led some naturalist^ to think it more akin to the Trerons, dir 
fruit-eating pigeons. The Solitaire, another species, also allied to 
the pigeons, lived on the island of Rodriguez,' one of* the Sechelles 
group, at no remote’ period ; the Isle of Bourbon was inhabited by two 
other species, all .of which have become extinct ; and in the island of 
Madagascar a bird, exceeding in size all now living, appears to have 
existed at a very recent period, shells of its eggs, of ten tifhes the 
capacity of those of the living ostrich, having been of late years 
discovered in what appears to be a very modem alluvial deposit. 
This bird, to which the name of JEpyomis has been given, was one 
of the giantt of the feathered race, living or extinct. 
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The Tj ynains of a very numerous group of extinct sfcruthious birds 
have been discovered imbedded* in the very recent deposits of New 
Zealand. One of its genera, the Dinornis, chiefly found in the 
north island, consists of several species : the largest, the D. gigan- 
teus, attains a height of 11 feet, or double that of the tallest 
ostrich; another, the Palapteryx, almost peculiar to the middle island, 
is upwards of 9 feet in height. From the geological position in 
• which these bones are found, as well as from their state of preserva- 
tion, they can scarcely be considered as fossil, although belonging to 
species whech have become extinct. Professor Owen has described 
no less than six species of Dinornis, and four of Palapteryx ; and 
later discoveries in the colony liave added several to these numbers. 
No better example can be cited, as elucidating the certainty of f the 
deductions of the comparative anatomist, than what led to the first 
discovery of this extraordinary group of birds. A small portion of 
a bone, which from its dimensions appeared to belong rather to a 
quadruped the size of an ox than to a bird, was submitted to Mr. 
Owen ; he boldly pronounced it, from its structure, to belong to a 
bird, and of the ostrich kind — a determination that was soon abund- 
antly confirmed by the discovery, not only of the bones of the bird, 
but of its eggs*. • o 

The bones of another extinct bftd, perhaps a Nestor, have been 
found mixed with*those of thb Dinornis. There are three species 
of the Nestor ; two in New Zealand ; another, almost extinct, 
in Philip Island^ only five miles 'extent, is found in no other 
part of J-.be world. *They are allied to the curious* living genus 
Strigops, something between an owl and a peirrot, but more nearly 
allied to the latter, and very remarkable for its nocturnal habits and 
for living in burrows, wkich it makes at the roots of the fem-trees. 
The Notomis, a gfmus supposed to have been extinct, closely allied 
to the watel-hen, the stee of a bustard, has also its ancient repre- 
sentative in these islands, 1 where birds did and do exist, almost to 
the entire* exclusion of quadrupeds and reptiles : an extinct species 
of dgg, and a" rat still existing, are the only animals of the elass of 
mammalia which shared in these extensive territories with multitudes 
of the feathered race, 9 

c 

1 The Notornis has been found living in the Middle 'Island, at Dusky Bay, 
Its nearest affinity is with the genus Porphyrio of the Old World. 

2 In some parts of the earth the same conditions which' regulated the dis- 
tribution of the ancient fauna and flora still prevail. The flora of the car- 
bonifereous epoch is similar to that of New Zealand, where ferns and club* 
mosses are so abundant ; and the fauna of that ancient period had been repre- 
sentative of that which recently prevailed in these islands, since footprints 
of colossal birds have been discovered in the red sandstone of Connecticut. 

The age of reptiles of the Wealden and other secondary periods is repre- 
sentative of the fauna of the Galapagos islands, which chiefly consists of 
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The ostrich family live on # vegetables ; the form of those Jihat had 
their home in' New Zealand would lead to the conclusion that they 
had fed on the ftots of the edible fern which abounds in that country ; 
and as no quadruped excepting a rat is now indigenous, these birds 
could have had no enemy but man, the most formidable of all. 

The beautiful and sprightly Tui, or parson-bird, native in New 
Zealand, is jet black with a white tuft on its breast, and so imitative 
that it can be taught* to repeat whole . sentences. There are parrots 
and parakeets, vast numbers of pigeons, fine warblers, many small 
birds, and a great variety of water-fowl, amongst others a#cormorant, 
which, though web^footed, perches on the trees *that pver-hang the 
streams and sea, watching for fish ; and a frigate-bird, that pounces 
on 4hem from a great height in the air. Altogether there are more 
than 100 species of birds that inhabit this group of islands. 

tortoises and creatures of the lizard or crocodile family*; and the cycadaceous 
plants and marsupial animals of the oolite are representative of the flora and 
fauna of Australia. 

The colossal birds which prevailed ineNew Zealand, almost to the entire 
exclusion of reptiles and quadrupeds, lasted to a veiy late period. 
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CHAPTER XXXII. 

Distribution o f Mammal i*. 

• c 

Carbonic acid, water, and ammonia contain the elements necessary 
for the support of animals, as well as of vegetables. They are sup- 
plied to the fyerbivora in their vegetable food, which is converted 
into animal matter by their vital functions. 

Vitality in animals, as in vegetables, is the power they have of 
assimilating their food, a process independent of volition, siqpe it is 
carried on under every circumstance, even during sleep, and is the 
cause of force. Animals inhale oxygen with the air they breathe ; 
part of the oxygen combines with the carbon contained in the food, 
which has been earned into thejtfood, and is exhaled in the form of 
carbonic acid gas. With every effort, with every breath, and with, 
every motion, voluntary or involuntary, at every instant of life, a 
part of the muscular substance becomes dead, separated from the 
living part, is returned to the Circulation, combines with the 
remaining portion of inhaled oxygen, and is removed. Food, there- 
fore* is necessary ^o compensate fofr the waste, to supply^ nourish- 
ment, and to resfcore"strength to thfr nervous system^ on whjch all 
vital ipotjon depends'^ for by the nerves volition acts on living 
matter. FtkxU would not be sufficient to mftke up for this WSste, 
and consequent loss of strength, without slfeep ; during which volun- 
tary motion ceases, ? and® the undisturbed assimilation of* the food 
suffices to restore^Strfngth, and to make up for the involuntary 
motion of breathing, whidh is also a source of waste. 

The perpetual combination of the ^xygen of the atmosphere with 
the carbon of the blood, and with the effete substance of the body, is 
a re^combustion, and is the great cause of animal heat, because 
heat Is constantly given out by the combination of carbon and 
oxygen ; and, without a constant supply of food and its assimi- 
lation the oxygen would soon consume the whole animal except the 
bones. 

Herbivorous animals inhale oxygen inbreathing, and, as vegetable 
food does not contain so much carbon as animal, they require a 
greater iupply to compensate for the wasting influence of the vital 
air; therefore, cattle eat more frequently than those which feed on 
animal food. The nutritious parts of vegetables are identical in 
composition with the chief constituents of the blood ; and from blood 
every part of the animal body is formed. 
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Carnivorous animals have fewer pores in the skin, therefore their 
supply of oxygen is from their respiration only ; and as animal food 
contains a greater quantity of carbon, they do not require to eat sb 
often as animals that feed on vegetables. The restlessness of carni- 
vorous animals when confined in a cage is in some degree owing to 
the superabundance of^rbon in their food. They giove about con- 
tinually to quicken r^P ration, and by that means inhale a supply 
of oxygen to carry cfi the ledundant carbon. 

The quantity of animal heat is in proportion to the amount of the 
oxygen inhaled in equal times. The heat of* birds is greater than 
that of quadrupeds, and in both it is higher thaft the temperature or 
amphibious animals and fishes, which have the coldest blood. 

^The Mammalia consist of nine orders of animals, which, however 
differing in appearance, agree in the one general character of suck- 
ling their young. These orders are — the Quadrumana, animals which 
can use their fore and hind feet as hands, as Monkeys and Apes ; 
Cheiroptera, animals with winged arms, as bats ; Carnivora, that live 
on animal food, as the lion, tiger, bear, &c. ; Rodentia, or gnawers, 
as beavers, squirrels, mice ; Edentata, or toothless animals , 1 as 
sloths, anteaters, and armadilloes ; Pachydermata. or thick-skinned 
animals, %ls the elephant, the horse, hippopotamus, and hog ; Rumi- 
nantia, animals that chew the dud, as camels, lamas, giraffes, cows, 
sheep, deer ; Marsupialia, possessir^ a pouch into frhich the young, 
horn in a less perfect state than in the other^ families, is revived 
after Jbirth ; and Cetacese, inhibiting the waters, as dolphins, cacha- 
lot^ whales, Tnanati, &c. • 

The. animal creaticm, like the vegetable, varies with JJ&fffct above 
the sea, and latitude ; the changes of species Jn ascending the Hima- 
laya, for instance, are similar to what a •traveller would meet with 
in his journey from an equatorial to a ljigh^ latitude. The j umber 
of land animals increases from the frigid* zones to* the equator, hut 
the law is reversed with regard to the marine mammalia, Which 
abound most in high latitudes. 

Taking a broad view of the distribution of thd nine orders of 
mammalia, it may be stated that the tropical forests are tlie chief 
abode of the monkey tribe ; Asia is the home of the ape, espe- 
cially the islands of the Indian Archipelago, as as the most 
easterly meridian of Timour, beyond which there are none. They 
abound* throughout Africa from the Cape of Good Hope to Gibraltar, 
where* the Barbary ape is found, the only place where it is met with 
in Europe : another species of ape inhabits the island of Niphon, 
the northern limit of monkeys at the eastern extremity of the old 
continent. , 

1 Or more properly wanting certain teeth, as the canine* or incuore. 
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The bats that live on fruits are chiefly met with in tropical and 
warm climates, ^Specially in the Indian Archipelago ; the common 
fiats, which live on insects, and are so numerous fri species as to 
form more than a. third of the whole family, are found everywhere 
except in arctic America. The Vampire is only met with in tropical 
America. 

Carnivorous mammalia are distributed ifPbver the globe, though 
very unequally ; in Australia there arep only :/our species, two of 
which are bats ; there are only 13 in South America, and 27 in the 
Oceanic region ; while in the tropical regions of America there are 
109, in Africq 130* and in Asia 166 species of carnivora ; and so 
rapid is their increase towards the tropical regions, that there are 
nearly three -times as many in the tropical as in the temperate 
zones. 

With regard to the Gnawers or Rodentia, species of the same 
group frequently have a wide range in the same, or nearly the 
same, parallels of latitude, but when they are inhabitants of high 
mountain-ridges -they follow the direction of the chain, whatever 
that may be, and groups confined to high latitudes often appear 
again at great elevations in lower ones. The Edentata are more 
particularly characteristic of South America, where there c are three 
times as many secies as there arS in Asia, Africa, and Australia 
taken together. '.In the three latter countries they only occur as 
it w^pe insulated^ but in America they extend from the tropic of 
Cancer to the plains'* of Patagonia. 1 * The Pachydermata are* very 
abundaptjn the old continent; they have been introduced 1 &XtO 
North America f by man ; in the southern pari 1 'of that continent the 
only indigenous species is the Tapir. The Rnminantia? abound all 
over the temperate ahd tvopical countries of both continents, and 
three species are ffyihd as« far as beyond the Arctic Circle — there 
are neither Ruminantia *nor Pachydermata in* Australia, . The- 
hfarsupialia are confined to it and ijew Guinea, with a few species 
in the two Americas. The Monotremata, a singular class of quad* 
rupeds.possessing many of the attributes of birds with those of the 
marsupialia, belong exclusively to the Australian continent. 

The distribution of mammalia is governed by laws analogous to 
those which regulate that of plants, insects, fishes, and birds. Each 
continent, and even different parts of the same continent, are centres 
of zoological families, which have always existed there, and no* 
where else; each group being Almost always specifically different 
from all others. 

FOod, ^security, and temperature have little influence, as primary 
causes fc the distribution of animals. * The plains of Airiest, art 
not less fit foHearing oxen than the meadows of Europe ; yet the 
common ox was not found in that continent at the time of its dis* 
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covery ; and with regard to temperature, this animal thrives on the 
Llanos of Venqpuela and the Pampas of Buenos Ayres as well as on 
the steppes in Europe. The horse is another example : originally a 
natiye of the deserts of Tartary, he now roams wild in herds of 
hundreds of thousands on the grassy plains of America, though 
unknown in that conti Ant at the time of the Spanish conquest. 1 
Ail animals, however, are pot so flexible in their constitutions, for 
most of them would perish from change of climate. The stations 
which the different families now occupy must have been^rilotted to 
them as each part of the land rose above the Ocean ; and because 
they have found in these stations all that was necesSary for their 
existence many have never wandered from them, notwithstanding 
their powers of locomotion ; while others have migrated, but only 
within certain bounds. 

Instinct leads animals to migrate when they, become too ^ nume- 
rous : the rat in Kamtchaka, according to Pennant, set#out in 
spring in great multitudes, and travels 800 miles* swimming over 
rivers and lakes ; and the Lapland ma&aot or Lemming, a native 
in the mountains of Kolen, migrates in great numbers, once or 
twice in 25 years, to the Western Ocean, which they# enter and are 
drowned ; other bands go through Swedish Lapland and perish in 
the Gulf of Bothnia. Thus nature ^provides a remfcdy against the 
over increase of any one species* and maintains the balance of , the 
whole creation. A temporary migration for fooS js not uncommon 
in animals. The wild ass, or.Onagra, a native of the deserts of 
Great Tartary, in summer lives to the east and nortl^ of%tS#false of 
Aral, and in autumn migrates in great numbers to Persia, and 
even to the high plains of North-western India*.* The ruminating 
animals that dwell in the inaccessible part? of thejHimalaya and the 
Andes descend to their lower declivities in search of food in winter • 
and for the same reason the reindeer and musk-ox leave the Afbtio 
snows for a more southern latitude. 

The Arctic regions form a district common to Europe, Asia, and 
America. On this account, the animals inhabiting the northern 
parts of these continents belong to the same species, or to forms 
very similar ; in fact, there is no genus of quadrupeds*in the Arctic 
Tegions that is not found in the two great continents, though there 

1 There exist, however, remains of a fossil species of horse in several 
parts of South America, contemporaneous with the mastodons, and extinct 
gigantic Edentata of that continent. 

’ The wild ass is frequent in the plains of Sindh and Belochistan, where it 
is known Mttie name of Gorkhar. There is some doubt as to its being the 
same spedTas the Kiang of the mountainous regions of the Himalaya and 
Tibet, where the latter has been seen as high as 18,600 fee t above the level 
of the sea. 
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are only 27 species common to all, and these are mostly fur-bearing 
animals. In the temperate zones of Europe and A$ia, which form 
an uninterrupted region, identity of species is occasionally met with, 
but for the most part marked by suoh varieties in size and ooIout as 
might be expected to arise from difference of food and climate. The 
same genera are sometimes found in the inter-tropical parts of Asia, 
Africa, and Africa, but the same species very rarely, if ever ; 
much less in the southern temperate zones of these continents, where 
all the animals are different, whether birds, beasts, insects, or rep- 
tiles; but°in similar climates tribes of forms in many respects 
analogous replace one another. 

Europe has no family and no order peculiarly its own, and many 
of its species are common to other countries ; consequently ‘the 
great zoological districts, when the subject is viewed on a broad 
scale, are Asia, Africa, Oceanica, America, and Australia ; but in 
each ofigbhese there are smaller districts, to which particular genera 
and families are^ con fined. Yet when the regions are not separated 
by lofty mountain-chains,* acting as barriers, the races are in most 
cases blended together on the confines between the two districts, so 
that there is r^ot a sudden change. 


EUROPEA^T QUADRUPEDS. 


The character of the animals of temperate Europe has been more 
changed by the„ progress of civilization than that of any other 
quarter of the globe. * Many of its^original inhabitants have been 
extijp&Sa, \and new races introduced ; but if seems always to "have 
possessed various animals capable of beingidomesticated. The wild 
oattle in the parks at Hamilton and in that of the Earl of Tan- 
kerville are the odljt remnants of the ancient inhabitants of the Bri- 
tish fcffests, thougn theycwere spread over Europe, and perhaps were 
the ^parent stock from which the European cattle of the present time 
are descended ; the Aurochs (Urns), an animal nearly extinct, and 
found only in ‘the forests of Lithuania, may also have some claim 
t& having furnished the races of our domestic cattle. Both are sup- 
posed to have come originally from Asia. The Moufion, which exists 
in Corsica and Sardinia, is by some supposed to be the parent stock 
of our domestic sheep. The hog, the goat, the red and fallow deer 
have been domesticated, and also the reindeer, which cannot strictly 
be called European, sjlice it also inhabits the northern regions of 
Asia and America. *Our domestic cat is an European species in its 
wild state. Altogether eight or ten species of our domestic quadrupeds 
have sprung from native animals. 

A remarkable uniformity prevails in the organization fflfeinstincts 
of each species of animal in its wild state. Many adapt them- 
selves to change of climate ; after some generations their habits and 
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organization alter to suifothe new condition in which they are 
placed ; bat cjpmestication is the cause of all our tone and useful 
animals ; by high cultivation and training great cnmges have been 
produced in, form; and in some instances habits and powers of 
perception are produced, approaching to reason, whioh remain here- 
ditary as long as the breed is unchanged. * 

There are still about 180 wild quadrupeds in Europe : 45 of 
these are also found in western Asia, and nine are common to 
northern Africa. The most remarkable are the reindeer**, elk, red 
and fallow deer, the roebuck, glutton, lynx, polecat* soriie species of 
wild cats, the "common and black squirrels, the fox, wild boar, wolf, 
the black and the brown bear, several species of weasels and ro- 
dents. The otter is common ; but the beaver is now meWwith 
only on the Rhine, the Rhone, .the Danube, and some other largo 
rivers ; rabbits and hares are numerous ; the hedgehog is very 
generally distributed ; the porcupine in southern Europe qnly^ the 
chamois and ibex, or bouquetin, in the Alps and Pyrenees. Many 
species of these animals are widely distributed over Europe, gene- 
rally with variations in size and colour. The chamois of the Alps 
and Pyjenees, though of the same species, is slightly varied in 
appearance ; the fox of the m^st northern parts pf Europe is larger 
„ thair that of Italy and of the sou th § with a thicker Jfur, and of some- 
what different colour, depending on climate. 

Some animals never jjeaqenjJ below a certain height, as the ibex 
and •chamois which live at % greater elev^fions than any of our 
European quadrupedj, being usually found between tLv .^pgion of 
trees and the line of perpetual snow, which is about 8900 feet on 
the southern, and 8200 on the northern declivities of the Alps. 
The red deer does not ascend beyond fOOO^f^et, and the fallow- 
deer not higher than 6000, above the *1 gvel df the ^ea : the two 
latter, however, descend to the plains, the former never do. # Xhe 
bear, the lynx, and the stoat are sometimes met with nearly at the 
limit of perpetual snow. « 

Some European animals are much circumscribed in tbeir localities. 
The ichneumon is peculiar to Egypt ; the mouflon is confined* to 
Corsic#and Sardinia; a species of wcfrael and bajb inhabit Sardinia 
only ; and Sicily has several bats and mice peculiar to it. There is 
only one species of monkey in Europe, which lives on the rock of 
Gibraltar, and is supposed to have been introduced from Africa: All 
the' indigenous British quadrupeds now existing, together with the 
extinct hyaena, tiger, bear, and wolf, whose bones have been found 
in caverns, are also found in the same state in Germany. Ireland 
was prolithly separated by St. George’s Channel from England before 
all the auixnals had migrated to the latter ; so that our squirrel, 
mole, # pole-cat, dormouse, and several smaller quadrupeds, never 
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reached the sister island . Mr. Owen has shown that the British horse, 
ass, hog, the smaller wild ox, the 'goat, roe, deer, heaver, with many 
small rodents, sffe the same species with those which had Do-existed 
with the mammoth or fossil elephant, the great northern hippopot- 
amus^ and two kinds of rhinoceros long extinct ; so that a part . 
only of the modern* tertiary fauna has perished, from whence he 
infers that the cause of their destruction’ was not a violent universal 
catastrophe from which none could have escaped. The Bos longi- 
frons and the gigantic Elk of the Irish bogs, now an extinct species, 
were probably co-existent with man. 

ASIATIC QUADRUPEDS. 

Asia has a greater number and a greater variety of wild animats 
than any country except America,* and also a larger proportion of 
those that are domesticated. Though civilised from the earliest 
ages, "the destruction of the animal creation has not been so great as 
in Europe, owiug.to the inaccessible height of the mountains, the 
extent of the plains and deserts, and, not least, to the impenetrable 
forests and jungles, which afford them a safe retreat : 288 mam- 
malia belong to /his continent, of which 186 are common to it and 
other countries ; these, however, chiefly belong to the temperate zone. 

Asia Minor is a district of trait si tion from the fauna of Europe to 
that of Asia. There the chamois, the ibex, the brown bear, the 
wolf, fox, har<varf<j[ Others, arc mingkjd with the hyaena, the Angora 
goat, which bears a valuable fleece, the Argali or wild sheep, the 
white. S(f£^r(*l ; and even the Bengal royal tiger is sometimes seen 
on Mount Ararat, and is not uncommon in Azerbijan and the 
mountains of Persia, * , 

Arabia is inhabited by the hyaena, panther, jackal, and wolf, 
Antelopes and monkeys are found in Yemen. Most of these are 
alflb* nidi gen ous in Persia. The wild ass, or Onagra, the Gorkhar 
of North-west India, a handsome spfrited animal of great speed, 
and so shy tliafr it is scarcely possible to approach it, wanders in 
hejyls over the plains and table-lands of Central Asia, extending 
its migrations as far as the plains of Belochistan and Sindh, to the 
Indian desert, tyid to the Run of Kutch — “ the wilderness Ad the 
barren *lands are his dwelling.” There is a distinct species (the 
Kiang) that lives in the most elevated regions of Tartary and Tibet ; 
it has* been seen on the shores of the sacred lakes of Manasarowar 
and Rakasthal, at a height of more than 15,250 feet above the 
sea, and on one occasion as high as 18,600.* 

The table-lands and mountains which divide eastern Asia almost 
into polar and tropical zones, produce as great aline of demarcation 

1 See note at p. 453. 
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in the character of its indigenous fauna. The severity of the climate 
in Siberia readers the skins of its numerous fur-hearing animals 
more valuable. These are reindeer, elks, wolves, the large white 
hear that lives among the ice on' its Arctic shores, several other 
bears, the lynx, various kinds of martens and cats, the common, the 
blue, and the black fox, the ermine, and sabl^producing polecats 
and weasels. The fur of these last is much esteemed, and is only 
equalled by that of* the sefi-otter, which inhabits the shores on both 
gides of the northern Pacific. 

Many of the Asiatic species of Gnawers afe # confined to Liberia. 
The most reArkable of these is the flying squirrel, or jerboa, 
which burrows in sandy deserts. The Altai Mountains teem with 
vlld animals: besides many of those already mentioned, \Malso 
find here several large deer, bears, some peculiar weasels, the Argali, 
and the wild sheep. The Ibex of the Alps is found in the Sayansk 
part of the chain ; the glutton and musk-deer in the Baikal ; and 
in Daouria the red-deer and the Saiga antelope. The Bengal tiger 
and the Fclis irbis, a species of panther, wander*from the Celestial 
Mountains to the Altai and into southern Siberia : the tiger is met 
with even as far north as the banks of the Obi, and also in China, 
but in fiiese northern regions it differs considerably, although not 
specifically, from that of Bengal ; thus it can exist in an annual tem- 
perature varying from 81° of Fahrenheit to the freezing point. The 
tapir, and many of the animals of the Indjai\ Archipelago, are 
found in the, jsou them provinces of tho Chinese* entire. The ani- 
mals of Japan have a strong analogy with*tliose of Eurojjg : many 
are identical, or slightly varied, as the badger, otter, mole, ^common 
fox, marten, and squirrel. On the other hand, a large species of 
hear in the island of Jesso resembles the* gri/zly bear in the Rocky 
Mountains of North America. A chaftioisi in«otljer parts of Japan 
is nearly allied to the Antelope montana the same mountains *, jpd 
other animals natives of Japan are the same with those in Sumatra ; 
so that its fauna is a combination of thos» of very distant regions. 

A few animals are peculiar to the high cold plains of the table- 
land of eastern Asia : the Dziggetai, a very fleet animal, is pecifliar 
to these Tartarian steppes. Two species of antelopes inhabit the 
plains of Tibet, congregating in immense herds, with sentinels so 
vigilant that it is scarcely possible to approach them. 

The Dzeran, or yellow goat, which is both swift and shy, and tho 
handsome Tartar ox, are natives of these wilds ; also the shawl- wool 
goat and the Manul, from which the Angora cat, so much admired 
in Persia and Europe, is descended. Many of the animals that live 
at such heights cannot exist in less elevated and warmer regions, 
exhibiting an instance of the limited distribution of Species. * 
Goats and sheep endure best the rarefied air and great cgld of high 



458 PHYSICAL GEOGRAPHY. Chap. XXXII. 

land* : theCashmere goat and Argali sheep browse on the plains of 
Tibet at elevations of from 10,000 to 13,000 feet ; thj Hass, a sheep 
with .spiral hofns, lives on the table-lands of Pamer, which are 
15,000 feet above the sea ; and also the Kutch-gar, a species of 
sheep which is about the height of a year-old colt, with fine curling 
horns : they congrd|ate in docks of many hundreds, and are hunted 
by the noroade tribes of Kirghis. 

The ruminating animals of Asia are m<fre numerous than those of 
any other part of the world : *64 species are native, and 46 of these 
exist there Only. Thbre are several varieties of wild oxen ; one in 
the Birmese empire, and on the mountains of northeastern India, 
with spiral twisted horns. The buffalo is a native of China, India, 
Borro, and the Sunda Islands ; it is a large animal, formidable tn 
a wild state, but domesticated throughout the East. It was intro- 
duced into Italy in the sixth century, and large herds now graze in 
the low marshy plaids near the sea. 

Various kinds of oxen have been domesticated in India from time 
immemorial : the £ebu or Indian ox, with a hump on the shoulders, 
has been venerated by the Brahmins for ages. The Yak, a beau- 
tiful animal, which is chiefly employed as a beast of burthen by 
the Tibetans,’ hits long been domesticated, and can live* on the 
passes of the Himalaya as high as 19,300 feet. Its white silky tail, 
used in the East to drive away fli^s, has been adopted as the Turkish 
standard; and the common Indian ox 1 differs from all others in the 
great speed of *Yts bourse. Some other species of cattle have been 
tamed, a^d some are still wild in India, Java, and other Asiatic 
islands, xhe' Cashmere goat, which produces the shawl-wool, is 
the most valuable of the several varieties of goats and sheep of 
Asia ; it is kept in large herds in the great valleys on the northern 
and southern decliviV’es of the Himalaya, and in the upper regions 
of Bhotan, where the cold Climate is congenial to it. 

The Bactrian camel, with two humps, is strong, rough, and hairy, 
and is said to be t found in.a wild state in the desert of Shamo : it is 
the camel of central Asia, .north of the Himalaya and Taurus, also 
of Yhe Crimea and the countries round the Caucasus. The more 
common or Arabian species, the Dromedary, with one hump, is a 
native of Asia/ though only known now in a domesticated state : 
it has been introduced into Africa, Italy, the Canary Islands, and 
even into the elevated regions of the Peru-Bolivian Andes. The 
best come from the province of Nejed in Arabia, which on that 
account is called the M mother of # camels.” The camel of Oman 
is remarkable for beauty and swiftness. 

Ten species of antelopes and twenty of deer are peculiar to Asia : 
two species of antelopes have already been mentioned as peculiar to 
the table-lauds, the others are distributed over the islands oi the 
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Asiatic archipelago. The mush-deer (Moschus moschiferus) inhabits 
the mountaiiyms countries of central and south-eastern Asia, between 
China and Tartary, the regions round lake Baikal, the Altai moun- 
tains, Nepaul, Bhotan, Tibet, tod the adjacent country of China. 

Asia possesses about ten species of Pachydermata, including 
the elephant, horse, ass, which have been domesticated from the 
time of the earliest historical records. The horse is supposed to 
have existed wild in the plains of central Asia, as the dromedary in 
Arabia, though now they are only known as domestic animals. 
The Arabian and Persian horses possess adkn owl edged excellence 
and beauty, tod from these our best Euroj>ean breeds are descended ; 
the African horse, which was introduced into Spain by the Moors, 
ffe probably of the same race. * 

The elephant has long been a domestic animal in Asia, though it 
still roams wild in formidable herds through the forests and jungles 
at the foot of the Himalaya, in other parts of India, the Indo- 
Chinese peninsula, and the islands of Sumatra and Ceylon ; the 
hunting elephant is esteemed the most noblb. A one-homed 
rhinoceros is a native of continental Asia. 

There are several genera of Asiatic carnivorous animals, of which 
the royal tiger is the most beautiful and formidable ; its favourite 
habitation is in the jungles of Higdostan, though it wanders nearly 
to the limit of perpetual snow in the Hinftlaya,* to the Persian and 
Armenian mountains, to%^ib|fia and China. LeQmrds and panthers 
anJcommoT;, and there is a nameless variety of*thefron in Guzerat ; 
the cheetah, used in hunting, is the only one of the leoppjds capable 
of being tamed, *Ae hyaena is found everywhere, excepting in the 
Birman empire, in which there are neither wolves, hyaenas, foxes, 
nor j \ckals. There are four species of t&arsbn Jndia ; that of Nepaul 
is said to furnish a valuable fur : thi? wild boag hog, and dogfc of 
endless variety, abound all over the continent. * 

The edentata have only two representatives in India, whicL differ 
from all others except the African in being covered with imbricated 
scales. Of these the short-tailed Pangolin, or scaly anteater, is 
found throughout the Dedcan, Bengal, Nepaul, the southem t pro- 
vinces of China, and in the island of Formosa. 

The Indian Archipelago and the Indo-Chinese peninsula form a 
zoological province of a very peculiar nature, being allied to the 
faunas of India, Australia, and South America, yet having animals 
exclusively its own. The royal tiger abounds in the peninsula of 
Malacca, and also the black variety of the panther, leopard, wild 
cats, multitudes of elephants, the rhinoceros of the. three Asiatic 
species, the Malayan tapir, numerous species of deer, the Babiroussa 
hog, and another species of that genus. Some groups of the island* 
have several animals in common, either identical *01 with, slight 
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variations, that are altogether wanting in other islands, which, in 
their torn, have creatures of their own. Many specie^ are common 
to the Archipelago and the neighbouring parts of the continent, or 
even to China, Bengal, Hindostan, add Ceylon. Flying quadrupeds 
are a distinguishing feature of this archipelago, though some do not 
absolutely fly, but, by an extension of the skin of their sides to 
their legs, which serves as a parachute, are enabled to take long 
leaps and to support themselves in the ^air. ,• Nocturnal flying 
squirrels, of several species, are common to the Malayan peninsula 
and the Sundh Island, ’especially Java ; and three species of flying 
lemurs inhabit $unda, Malacca, and the Pelew Islands. Besides 
these, there arc the frugivorous bats, which really do fly, differing 
from bats in other countries by living exclusively upon vegetable 
food. The lloussette, or Kalong, which is used as an article of food, 
one of the largest known, appears in flocks of hundreds, and even 
thousands, in Java, Sumatra, and Banda : the Pteropus funereus, 
another of these large bats, assembles in as great numbers. 

A hundred and flighty species of the ape and monkey tribe are 
entirely Asiatic : monkeys are found only on the coast of India, 
Cochin-China, and the Sunda Islands: the long-armed apes or 
Gibbons belong to the Sunda Islands jpd the peninsula of Malacca. 
The Simayang, a v f cry large ape o£ Sumatra, moves about in large 
troops, following a* leader, and makes a howling noise at sunrise 
and sunset that is, heard miles off. ^hipatra and Borneo are the 
peculiar abode of tlfe Orang-outang, p name which in t the Mafey 
language stifles the “ man of woods except perhaps the Chinf- 
panzee 'of Africa, it approaches nearest to man. *lt has never spread 
over the islands it inhabits, though there seems to be nothing to 
prevent it, but it finds* all "that is necessary within a limited dis- 
trict. The orang-Qutog<and t 'the long-armed apes have extraordi- 
.nar^muscular strength, they swing from tree to tree by their arms. 

The Malays have given the name of orang, or man, to the whole 
tribe, on account pf their intelligence as well as their form. 

A two-homed rhinoceros is peculiar to Java, of a different species 
from* the African, also the Felis macrocelis, and a very large hear ; 
there are only twp species of squirrels in Java, which is remarkable, 
as the Sunda Islands abound in them. The Royal tiger of India 
and the elephant are found in Sumatra, and the Babiroussa hog 
in Borneo; but. these two islands possess many quadrupeds in 
common, as a leopard, the one-horned rhinoceros, the black antelope, 
some graceful miniature creatures of the doer kind, the tapir, also 
found in Malacca, besides a wild boar, an inhabitant of all the 
marshy forests from Borneo to New Guinea. In the larger islands 
fleer abound, some as large as the 'elk, probably the Hippelaphus of 
Aristotle. 
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. The Aj&oa, a ruminating animal about the size of a sheep, a 
species of antel^e, shy and savage, goes in herds in the mountains 
of Celebes* ^here many animals strangers to the Sunda Islands 
begin to show themselves, as sojaoe sorts of phalangers, or pouched 
quadrupeds. These new forms become more numerous in the 
Moluccas, which are inhabited by flying phalangers and other 
pouched animals, with hairless scaly tails. The phalangers are 
nocturnal, and live, on trees. In New Guinea*there are kangaroos, 
the spotted phalanger, (p New Guinea hog, and the Papua dog, 
said' to be the wild species from which all the native c|pgs in Aus- 
tralia and Oceanica, wild or tame, are descended. 

The fauna of the Philippine is ‘analogous to that in the Sunda 
Inlands. They have several quadrupeds in common with India 
and Ceylon. 

AFRICAN QUADRUPEDS. 

The opposite extremes of aridity and moisture in the African 
continent have had great influence on the nature and distribution of 
its animals ; and since by far the greater part Consists of plains 
utterly barren or covered by temporary verdure, a’nd watered by 
periodical streams that flow only during a few months in the year, 
fleet ani finals, fitted to live on arid plains, are far mofe abundant than 
those that require rich vegetatfon and much water. Tge latter are 
chiefly confined to the intcrtropical § coasts, and especially to the large 
jungles and deep forests inJbhetJentre and at the.nqptherji declivity of 
the table-land, where several jfenera and marfy specie^ exist that are 
not found elsewhere. Africa mis a fauna in many respect^differcnfc 
from that of every other part of the globe ; for althougn aboift 400 of 
its quadrupeds are common to other countries, there are 250 species 
exclusively its own. Several of these arfimafls, especially the larger 
kinds, are distributed over the whole tableriaiS. from the Cape of 
Good Hope to the highlands of Abyssiifia and SenSgambia with- 
out the smallest variety, soDje are slightly modified in colour and 
size. Ruminating animals are very numerous, though few have 
been- domesticated : of these the ox of Abyssinia and Bomou is re- 
markable from the extraordinary size of its horns, which are sofhe- 
tiines 2 feet in circumference at the root ; the Galla ox of Abyssinia 
has horns 4 feet long ; and the ox from Kuruman, # in the territory 
of our Cape Colony, 5 feet in length, by 1} in diameter at the base. 
There are many African varieties of buffalo that at the Cape of 
Good Hope is a large, fierce animal, wandering in herds in every 
part of the country, even to Abyssinia : the flesh is sometimes im- 
pregnated with the odour of musk. The African sheep and goats, 
of which there are many varieties, differ from those of other countries ; 
the wool of all is coarse, except that of the Merino sheep, said to ■ 
have 4>ecn introduced from Morocco into Spain by the Moors. 
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Ho country possesses a ruminating animal similar to the Giraffe, 
or Camelopard, which' ranges widely over south Africa from the 
northern hanks of the Gareep, or Orange river, *co the Great 
Desert ; it is also found in Dongola and in Abyssinia. It is a 
gentle, timid animal, and has been seen, though rarely, in troops 
of 100. The earliest record we have of it is on the sculptured monu- 
ments of the ancient Egyptians, and it is well known that it was 
brought to Home to<gracc*the triumph of<a victorious empero% 

Africa may truly be said to be the lan£ of the genus Antelope, 
which is found in every part of it, where it may be said to represent 
the deer of ‘Europe, Asia, and America. Different species have their 
peculiar localises, while others are m6re widely dispersed. The 
greater number are inhabitants of tile open plains, while a few 
penetrate into the forests. Sixty species have been described, of 
which at least 26 are found north of the Colony of the Cape of 
Good Hope and in the adjacent countries. They are of every size, 
from the pigmy antelope, not larger than a hare, to the Caama and 
the Eland, which c aro as large as an qx and horse. Timidity is the 
universal character of the race. Most of the species are gregarious ; 
and the number in a herd is far too great even to guess at. Like 
all animals that feed in herds, they have sentinels ; and they are the 
easy* prey of so many carnivorous animals, that their safety requires 
this precaution. f ^t the head of Oheir enemies is the lion, who lurks 
among the tall meds at the fountain, to seize them when they 
come to drinks* The antelopes for ‘jhe'most part are graceful in 
their motions, especially the Springbuck, which travels in comffect 
troops ; «&id £n their march there is constantly one which gathers 
its slender limbs together, and bounds into the air. 

Africa has only two. species of deer, both inhabiting. the chain of 
the Atlas : one is tlfe common fallow-deer of Europe. 

The SB species “of Kodeivts, or gnawing quadrupeds, of this conti- 
nAfV live on the plains, and many of them are leaping animals, as 
the Jerboa capensis. Squirrels are comparatively rare. 

There are thi'ee species of the horse peculiar to south Africa ; of 
these the Zebra, the more sober-coloured Quagga, and Burchell’s 
Quagga, beautifully striped, wander in troops over the plains, often 
in company with ostriches. . An alliance between creatures differing 
in nature and habits is not easily accounted for. The two-homed 
rhinoceros of Africa is different from that of Asia ; there are cer- 
tainly three, and probably five, species of these huge animals peculiar 
to the table-land. Dr. Smith saw 150 in one day near the 24th 
parellel of south latitude. The hippopotamus is exclusively African: 
multitudes inhabit the lakes and rivers in the tropical and southern 
, .parts of, the continent ; those that inhabit the Nile and Senegal, if 
th^y do not belong to a different species, form a very marked variety. 
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An elephant differing* in species from that of Asia is so numerous, 
that 200 have been seen # in a herd near lake Chad. They are not 
domesticated tn Africa, and are hunted by the natives for their tusks. 
The Phacochcerus, or Wart-hog, lives beyond the limits of the 
colony, and the Bosch Yark (Sus larvatus) on its eastern coasts, as 
well as a species of Hyrax, are among the peculiar Pachydermata of 
this continent. The monkey tribe is found in all the hot parts of 
Africa : peculiar genera are allotted to particular districts. Except 
a few in Asia, the grouptof the Guenon monkeys is found in no part 
of the world except about the Cape of Good Hope, and on or near the 
coasts of Loando and Guinea. The species are*numerous, and vary 
much in size and colours ; the Cynocephalus, or dog-headed baboon, 
vptli a face like that of a dog, is large, powerful, and dangerous. 
A species of these baboons inhabits Guinea, others the southern parts 
of the table-land, and one is met with everywhere from Sennaar to 
Caffraria. A remarkable long-haired species of baboon, the Hama- 
dryas, is found i# the mountains of Abyssinia, 8000 feet above the 
sea ; the Mandrills, which belong to the same genus, come from the 
coasts of Guinea. The magot, or Barbary ape, is common over 
Northern Africa. The African long-haired tailless apes, which form 
the genus Colobus, are met with in the tropical •districts on the 
western coast ; the C. Polyconfos, or king of the monkeys, so called 
by the natives from its beautiful fife- and singular Jteadof bushy hair, 
is met with in the forests abaut Sierra Leone : another of these is 
peculiar in the low lands oPGfjjam, Kulla, and* Daffert. The Chim- 
pljizee, whidh so nearly approaches the human form, inhabits the 
forests of South-weJtern Africa from Cape Negrq'td tno Gambia. 
Living in troops, like most apes and monkeys, which are eminently 
gregarious, it is very intelligent and easily 4amed. A new genus, 
allied to the Chimpanzee, equalling ii^ sizp tjjb Orang-outgng, has 
been recently described by Professor Owca : it is pfobjfbly the largest 
of the quadrumana, and by all accounts the most dangeroiff^Sbd 
ferocious. 

Humboldt has remarked that all apes resembling man have an ex- 
pression of sadness ; and that their gaiety diminishes as their intelli- 
gence increases. 

Africa possesses the cat tribe in great variety and beauty ; Lions, 
Leopards, and Panthers, are numerous throughout the continent; 
Scrvals and viverrine cats inhabit the torrid districts ; and the lion 
of the Atlas has ever been considered the most formidable of carni- 
vorous animals. In no country are foxes so abundant. Various 
species • inhabit Nubia, Abyssinia; and about th? Cape of Good 
Hope we find the lion, leopard, the cheetah or hunting tiger of 
India, and the serval. A long-eared' fox of nocturnal habits, the « 
Fenr^c of Bruce, found from, the Cape of Good Hope to Kordofan, 
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is peculiar to Africa. There are also various species of dogs, the 
hyaena, and the jackal. The hyaenas hunt in packs, attack the 
lion and panther, and end by destroying them. 0 

Two species of Edentata are African — the long-tailed Manis, and 
the Aard-vark, or earth-hog : the first is covered with horny scales, 
the latter with coarse long hair ; they burrow in the ground and 
feed on ants. Great flocks of a large migratory vampire-bat fre- 
quent the Slave-coast. Altogether 26 species of African hats have 
been described. * 

Multitude of antelopes of various species, , lions, leopards, 
panthers, hyamas, jKckals, and some other carnivora, live in the 
oases of the great northern deserts ; jerboas, and endless species of 
rats, mice, and other small Rodents, burrow in the ground. The 
dryness of the climate and soil keeps the coats of the animals clean 
and glossy ; and itfhas been observed that tawny and grey tints are 
the prevailing colours in the fauna of the North African deserts, 
not only in the birds and beasts, but in reptiles*and insects. In 
consequence of the continuous desert extending from North Africa 
through Arabia to Persia and India, many identical species of quad- 
rupeds exist in those countries. * 

The fauna on the eastern side of the great island of Madagascar is 
in some degree analogous to that of India ; on the western side it more 
resembles that of 'Africa, though pas far as it is known, it seems to 
form a distinct centre of animal life. It has*no ruminating animals ; 
and the monkey^fate «is represente dhby the Lemurs, the Galqgos, 
and Indris, animals characteristic m this insular fatma. A fft- 
givorousAat, <chfc size of a common fowl, forms an article of food ; 
and an anomalous animal, the Chciromys, or Aye- Aye, intermediate 
between the Quadrurmyia and the Rodents, has only been found in 

this island. 

« 

AMERICAN QUADRUPEDS. 

No species of animal has been yet extirpated in America, which 
is the richest zoological province, possessing 537 species of mam- 
malia, of which 480 are peculiar to it ; yet no country has contri- 
buted so little to the stock of domestic animals. With the excep- 
tion of the Llartia and Alpaca, and the Turkey, and perhaps some 
varieties of sheep and dogs, America has furnished no qu'adruped or 
bird serviceable to man, while it has received from Europe all its 
domestic animals and its civilized inhabitants. 

Arctic America possesses most of the valuable fur-bearing animals 
that are found in Siberia ; and they were very plentiful till the 
unsparing destruction of them has , driven those yet remaining to 
. the high latitudes, where the hunters that follow them are ex- 
posed to great hardships. Nearly 2,000,000 of skins are brought 
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annually to England, most- of which are taken in the forest 
regions. The barren grounds are inhabited by the Arctic fox, the 
polar Hare, the brown and the white bear, a formidable animal 
which generally lives on the ice itself. The reindeer feeds on the 
lichens and mosses of these barren grounds, and wanders to the 
shores of the Polar Ocean : its southern limit in Europe is the 
Baltic Sea, in America the latitude of Quebec. Some of the fur- 
bearing quadrupeds of these deserts never pass the 65th degree 
of N, lat. ; the greater number live in the northern forests, as the 
black tear, racoon, badger, the ermine, and four or five others mem- 
bers of the weasel tribe, the red fox, the pofajr and brown lynxes, 
the beaver, the musquash or musk-rat, of which half a million are 
killed annually for their fur, and the elk or moose-deer, whoso 
northern range ends where the aspen and willows, its principal food, 
cease to grow. The grizzly bear, the largest and most ferocious of 
its kind, inhabits the range of the Rocky. Mountains as far south 
as Mexico, as well as the western savannahs. The prairie-wolf, tho 
grey fox, the Virginian hare, live. in the prairies; the Wapiti, the 
larges^ of the deer tribe after the elk, inhabits those on both sides of 
the Rocky Mountains ; and the Prongbuck, an antelope fleeter than 
the horse, remarkable for its bifurcated horns, roams throughout the 
western part of the continent* and migrates in winter to California 
and Mexico. The musk-ox and bigpn are peculiar fo North America. 
Tho musk-ox extends its northern migrations to’ Parry Islands and 
Banks Land in the Arctla rations, yet it pcver4?^s been seen in 
Greenland or on the north-western side # of the continent. The 
.shaggy bison is see^ as far south as the A rkansas, ^md^mams, in 
herds of thousands, over the prairies of the Mississippi and oh both 
sides of the Rocky Mountains. It seldom wanders farther north 
than the 60th parallel, tho southern timif $f the musk-ox. A 
species of marmot known by the name* qf Prairie Dog is every- 
where to be met with in the great plains from which it der\j£s # its 
name. 

There are at least eight varieties of American dogs, several of 
which are natives of high northern latitudes. The Lagopus, or Isatis, 
of Spitzbergen and Greenland, is found in all the Arctic regions of 
America and Asia, and in the Kurile Islands. I)qgs are employed 
to draw sledges in Newfoundland and Canada ; and the Esquimaux 
travel drawn by dogs as the Lapon and the Fin do by reindeer. The 
dogs arc strong and docile. The Esquimaux dogs were mute till 
they learned to bark from dogs in our discovery ships. 

There are 13 species of ruminating animals in North America, 
including the bison, the musk ox of the Arctic regions, the big- 
horned sheep, and the goat of the Rocky Mountains. The horse, 
now roaming wild nn innumerable herds over the plains of South* 
America, was unknown there till the Spanish conquest. The qua- 
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drupeds of J;he temperate zone are distributed in distinct groups : 
those of the state of New York, consisting of about *40 species, are 
different from those of the Arctic regions, and also (from those of 
South Carolina and Georgia ; while in Texas another assemblage of 
species prevails. The Racoon, the Coatimondi, and the Kinkajou, 
are all natives of the southern States. 

There are 118 species of rodents, or gnawing animals, in North 
America ; rats, mice, squirrels, heavers, &c., some of which, espe- 
cially in the north, appear to be identical with those in the high 
latitudes of Europe and Asia. The genera of very different latitudes 
are often representatives, hut never identical. * Sqhirrels abound in 
North America*; the grey squirrel is very abundant. 

Twenty-one species of the genus Opossum are enumerated as 
existing in this continent. Of these the Virginian opossum inhabits 
the whole extent of America from the Canadian lakes to Para- 
guay, and also the West India islands, where it is called the Mani- 
cou ; and two other species of the tribe live in Mexico. There is 
a porcupine in the United States and Canadian forests which climbs 
trees. The bats are different from those in Europe. In California 
there are ounces, polecats, bears, and a species of deer remarkable 
for its size and speed. „ 

The high land of Mexico forms a vqry decided line of demarcation 
between the fauna of North an^ South America ; yet some North 
American animals 'are met with beyond it, particularly two bears 
and an otter, ^fcich r inhabits the continent from the Icy Ocean to 
beyond Brazil.* On* the .other hand,i)he Puma, Jaguar, Oi>o8!nim, 
Kinkajoi^ and^Peccari, have crossed this barrier* from South America 
to California and the United states. 

In the varied and extensive regions of South America there are 
several centres of a* peculiar mammalian fauna, according as the 
country <8 mountainous hr level, covered with forest or grass, fertile 
or d£ 5 ?rt, but the animals are inferior in size to those of the Old 
World. The South American quadrupeds are on a smaller scale, 
more feeble and more gentle ; many of them, as the toothless 
group including the Sloths, are of anomalous and less perfect 
organization than the rest of the mammalian creation. • 

The monkey <tribe exist in myriads in the forests of tropical 
America and Brazil, but they are met with in small numbers to the 
north of the Isthmus of Darien, and not farther south than the Rio’ 
de la Plata. They differ widely from those in the Old World, being 
farther removed from the human form ; but they are more gentle 
and lively. Notwithstanding their agility, they are often victims 
to birds and beasts of prey. 

. There are two principal groups of American monkeys — the Sapa- 
jous with prehensile tails, by which they suspend themselves^ and 
swing from bough to bough ; some of these inhabitants of the woods 
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are very noisy, especially the Araguato, a large ape whose bawling is 
heard a mile off. The Howlers are generally very largepnd have a 
wider range tjjian any of the genus ; one species, the Myoetus 
rufimanus, or Beelzebub/ ascends the Andes to the height of 11,000 
feet. The Cebus, or weepers, which are frequently brought to Eu- 
rojie, belong also to this family ; the genus has a greater number of 
species than any other monkey of the New World, but a very 
narrow location to each ; they are most abundant in Guiana. 

The Saquis, or • bushy* tailed, form the second group of the 
American monkeys. The fox-monkey, one of them, is a singular 
nocturnal animal ; it frequents the deepest forests i'rom f the Orinoco 
to Paraguay. 

Squirrel-monkeys inhabit the banks of the Orinoco, and the noc- 
ttfrnal monkeys, with very large eyes, live in Guiana and Brazil. 
The marmosets are pretty little animals, easily tamed, especially the 
Midas leonina, not more than 7 or S inches long. Some American 
monkeys have no thumb on the forefoot, as "the Ateles or spider 
monkeys ; others have a versatile thumb on both their hands and 
feet ; whilst a third kind have no opposable thumb on any of their 
extremities. 

The fqrests are also inhabited by Opossums, a genus of the mar- 
supial order, who carry their y^ung in pouches ; they are sorrewliat 
analogous to the race of animals tlijt form the distjnguishing feature 
of the Australian fauna, but of entirely distinct -genera and species. 
Some of these animals are larger than a rat, they mostly live 
on t&es. One is aquatic, the fchironectcs, Resembling a small otter, 
and appears to be onljr found in the river Yapock in Fjenck^Guiana. 
A species in Surinam carries its young upon itsf back. All the 
Opossums and the Chironectes have thumbs on their hind feet, op- 
posable to the toes, so that they can grasp*; Jhey are, moreover, 
distinguished from the Australian marSupisri3«by.a long piahensile 
tail, and by greater agility. The numerous tribe of Sapajoujp on- 
keys, the Ant-eaters, the Kvnkajous, and a species of porcupine, 
have also prehensile tails, a peculiarity of many South American 
quadrupeds. 

Five' genera and 20 species of the Edentata are characteristic of 
this continent, and confined to South America : tli$y consist of the 
two species of sloths, the Ai and the Unau ; several Armadilloes, the 
Chlamypliorus, and two Myrmecophagaa or Ant-eaters. The ani- 
mals of these genera have very different habits : the sloths, as their 
name implies, are the most sluggish of animals ; they inhabit the 
forests from the southern limit of Mexico to Bio de Janeiro, and to 
the latitude of the region of Palms and Scitaminea?, as high as 3000 
feet, on the declivities of the Andes. Of these the common sloth or 
Ai ranges from Mexico to Brazil ; while the Unau, the larger of the * 
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two, is coined to Guiana and the latter country. The Armadillo, 
in its coat m mail, is in perpetual motion, and can outrun a man 
in speed. They live on the plains of South Americg, as far south 
as Paraguay and the Pampas of. Buenos Ayres. The one-banded 
armadillo rolls itself up like a ball ; the nine-banded one is eaten 
by the natives ; the giant armadillo, 3 feet long, inhabits the 
forests. Most of these species arc nocturnal, and burrow in the earth 
in the Pampas. The Chlamyphorus, is also a burrowing animal, 
peculiar to the province of Mendoza on tfie eastern slope of the Chi- 
lian Andes ; they have the faculty of sitting upright, for which the 
hinder part r of their scaly armour is admirably adapted. The great 
or maned Ant-^ater (M. Jubata), larger than a Newfoundland dog 
in the body, but with shorter, legs, defends itself against the jaguar 
with its powerful claws ; it inhabits the swampy savannahs and damp 
forests from Venezuela to Paraguay, and from the Atlantic to the 
foot of the Andes ; its flesh, like that of some other American animals, 
lias a strong smell of musk. The little Ant-eater (M. Tamandua) 
has a prehensile tail, and lives on trees in the tropical forests, feed- 
ing on the larvas df bees and wasps, honey, and ants. The cat tribe 
in South America are beautiful in their colours and powerful in 
strength : the Puma, called the Lion of America, is found in great 
numWrs both jrf the mountains and the plains. So different are its 
habits in different places, that in Chile it is timid and flies from a 
dog; in Peru it is bold, though ’it rarely attacks the human race. 
The Jaguar, which inhabits the deep topical forests, is very abundant, 
and so ferocious that it will sometimes spring upon o Indians* > in a 
canoe ; hunting as it does in troops; it has been known to destroy 
the inhabitants of entire Indian villages ; it is one of the few South 
American animals that extends beyond the Isthmus of Panama, 
being found in California and in the state of Mississippi ; it has 
been seen even as -for <*norih as Canada; offering a remarkable 
analogy, in its extensive wanderings, with the Royal Tiger of the 
Old AVorld, which as we have already seen, is often found amidst 
the mountains ajid steppes of Central Asia and Siberia. 

Tire Vampire is a very large species of bat, much dreaded by 
the® natives, because it enters their huts at night ; and, though it 
seldom attacks human beings, it wounds the smaller domestic animals, 
which sometimes die from the loss of blood in consequence. Most 
of the other South American hats are innocuous. 

The only ruminating animals except the deer that existed in 
Sbuth America prior to the conquest were the four species of the 
genus Auchenia— the Llama, the Alpaca, the VicufSa, and the 
Guanaco : the first three are exclusively confined to the colder and 
more elevated region^ of the Peruvian Andes ; the last has a wider 
' geographical range, extending to the plains of Patagonia, and even 
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to tho southernmost extremity of the continent. The Llama in- 
habits the high valleys of the Peru-Bolivian Andes, its favourite 
region Being in the valley' of the lake of Titicaca : it was the only 
beast of burden possessed by the aborigines ; hence we find it domes- 
ticated wherever the Incas carried their conquests and civilization, 
from the equator to beyond the southern tropic. It is still exten- 
sively employed by the Indian as a beast of burthen, and its wool, 
though coarse, is used by* the natives for their clothing. Like all 
domestic animals, if varies in colour : its flesh is dark and disagree- 
able to the taste. . * 

The Alpaca, or Paco, a gentle arid handsoihe animal, although 
more closely allied to the llama than any of its congeners, appears 
to be a distinct Rpecies : it lives in still more elevated sites than 
the llama, its favourite haunts being on the streams descending from 
the snowy, peaks : it is only found in a domestic state ; it is reared 
for its ‘wool, which is extremely fine, silky, and long, and which 
now bears a high price, from its introduction into some of our finest 
woollen tissues. The Vicuna is only found in the* wild state in the 
plains .on the Andes, as high as If) ,000 feet : the wool is much 
prized for its fineness. This animal has a shrill whistle ; it is easily 
tamed. The Guanaco, by some naturalists considered erroneously 
as the parent stock of the llama and alpaca, is also only found in the 
wild state : it extends to 12° S. latg is very abundant and in large 
flocks on the Bolivian and Chilian Andes, and has been seen as far 
south as the Straits of MageHartl All these animoJs^fesd' principally 
on a Species ofccoarse wiry gras&ipallcd ichu > 

1 The attention of the scientific world in France has been of late years 
directed to the advantages that might, arise fipm tfee naturalization of the 
Llatna tribe in Europe, and especially of its two most, useful species, the Llama 
and the Alpaca. M. I. Geoffrey St. Hilaire, a £ re nth j&ologisl^jf high* stand- 
ing, ignorant probably of what had been done in Great Britain on thejjjgirtf 
subject, where the experiment had long since been tried, and with very inade- 
quate success, has given this subject much attention, and presented several 
papers on it to the Acadfcmie des Sciences, and the Pam Sflciete d’Acclima- 
tation. We cannot imagine, even if the naturalization of the Llama oi^a 
large scale was possible, what advantage could arise from it to agriculturists. 
The wool of the Llama is coarse, and so infinitely inferior to the com- 
monest qualities of that of the sheep, that in its native coufitry it is seldom 
used for any other purpose than tho manufacture of ropes, of a rough car- 
peting and packing-cloth, and for the clothing of the poorest Indian. As to the 
employment of the Llama as a beast of burden, whilst it requires as much food 
as the ass, it does not carry more than a moiety of what the latter animal can, 
and cannot travel one-half of the same daily distance; besides, the female 
Llama is useless in this respect. The flesh of the I^ma is greatly inferior 
to that of any of our domestic animals, even of the Italian buffalo. As 
r io- the Alpaca, it is very doubtful if, living as it does in an extremely 
dry, elevated, and clear atmosphere, it would ever become accustomed to the 
damp anjl variable climate of our northern latitudes, or to that of the great 

Y 
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Several species of deer are fqund in the tropical regions of South 
America, and a remarkable one, the Cervus Andium, with fragile hair 
like that of the roebuck of Europe, as high as 11,000 feet in the 
Andes. 

The Rodentia, or gnawers, of South America are very numerous ; 
92 have been observed in Brazil alone : there are only 8 species of 
squirrels and 64 of rats and mice, some of which are very peculiar. 

The Agoutis represent pur hares in the plains of Patagonia, in 
Paraguay, &c., and extend as far north as GuianA The trib6 of the 
Cavias, or guinea-pigs, are found in Brazil, and some species in the 
great table-lands of the Peru-Boliviah Andes ; the Echymys, or 
prickly rat, is an inhabitant of the banks of the Kio de la Plata and 
Paraguay ; the Vizcacha of the Pampas, a burrowing animal, in- 
habits the great plains of Buenos Ayres ; an animal bearing the 
sanqi name, but of a very different species, is frequent in the rocky 
regions of the Andes, as high as 15,000 fee.t above the sea ; and 
the beautiful Chinchilla, nearly allied to the latter, whose fur is so 

c 

European chains of mountains, the Alps and the Pyrenees, and if it did, 
its wool would not be greatly deteriorated. The V icufia is purely a wild 
species, and has hitherto resisted all the efforts of the aboriginal Americans, 
the most patient and docile of the human race, to render it' prolific when 
domesticated in its native country. It appears, therefore, that the domestica- 
tion of the several Species of Auchenik in Europe would be a costly and useless 
experiment, on the large scale on which ,it is proposed to try it ; this will 
appear evident when it* i$ known that inrtha Peru-Bolivian Andes the llama 
and alpaca are* daily disappearing to make room for the jpore usefffl and 
profitably breed of the common European sheep, whilst, as a beast of burtlen, 
the ass ‘is everywhere replacing it : indeed the exp& iments recently made on 
a large scale and r at considerable expense by the French Government and the 
Societe' d*Acclimatation tyave proved a complete failure. 

Connected with thjs subject, a very curious fact, if well established, has 
been announced* oq tho authority of our countryman, Dr. Weddell, who has 
travelled so milch in the interior of South America — that a cross-breed between 
tbc^lpaca and the Vicuna had been obtained at Macusani, a village in the 
Andes south of Cusco, in Peru; and tbit the mules from this cross-breed 
were capable of reproducing this newly created species unaltered, the wool 
of which is represented to be of a very valuable quality. Now, if there 
exists in zoological science a fact clearly established, it is this: that within 
historical periods no new species of vertebrate animal has been created — the 
great zoological kiw of the immutability of species. The remains of the several 
wild animals which have been buried. for more than thirty centuries in the 
catacombs of Egypt and in the ruins of Nineveh are perfectly identical with 
those now existing in the most minute details of their anatomical structure. 
We have examined, in the case referred to, the •evidence adduced by Dr. 
Weddell and adopted by M. Geoffrey St. Hilaire in support of this doctrine, 
a favourite one of hisj&nd we do not consider it sufficient to shake the con- 
clusion arrived at by all the great zoologists of past times, and by the 
Cuviers and the Owens of oui; own period, regarding the impossibility of 
the production of a new species of animals by domestication, and the creation 
of new species iifr the animal creation. * , 
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highly esteemed, inhabits the same regions, at the same great eleva- 
tions, in the Andes of South Peru, Bolivia, and Chile : the best 
fur of the chinchilla is collected in the Bolivian province of Potosi, 
and in the Chilian province of Copiapo. The largest of all the 
rodentia, the Cabiai (Myopotamus), inhabits the banks of the great 
rivers of tropical America, where its habits resemble, according to 
some travellers, those of the hippopotamus. The Paca, the next in 
size, is less aquatic in its # habits, and lives in the dense forests of 
Brazil and Paraguay. 

It is very remarkable that, in a country which has the most 
luxuriant vegetation, there should not be ope native species of 
hollow-horned ruminants, as the ox, sheep, goat, of antelope ; and 
it is still more extraordinary that the existing animals of South 
America, which are so nearly allied to the extinct inhabitants of 
the same soil, should be so inferior in size not only to them, but 
even to the living quadrupeds of South Africa, which is compara- 
tively a desert as regards its vegetation. The quantity of vegeta- 
tion in Britain at any one time exceeds the' quantify on an equal 
area in the interior of Africa very considerably, yet Mr. Darwin has 
computed that the weight of 1(7 of the largest South African quad- 
rupeds ip 24 times greater than that of the same number of quad- 
rupeds in South America ; for jn South America tfierc is no animal 
of the size of a cow, so that ther^ is no relation .between the bulk 
of the species and the vegetation of the countries ‘they inhabit. 1 

The largest animals infligefous in the "VycSt Indian islands are 
the *Agouti, «the Racoon, the Houtias, a jiative of the forests of 
Cuba ; the Didelphoys carnivora and the Kinkajou are cdJpmon to 
them and to the continent : the Kinkajou is a solitary instance of a 
carnivorous animal with a prehensile tail. 

AUSTRALIAN QUADfiuPBDSf 

Australia is not further separated from tli^ rest of the woi%l by 
geographical position than by* fts fauna. Its animals are creatures 
apart, of an entirely separate type ; they are few as regards species, and 
still fewer as to individuals, if .the vast extent of country be taken 
into consideration ; and there has not been one large animal discovered 
in it. There are only 53 species of terrestrial mammalia in Australia, 
and there is not a single example of the ruminating or pachyder- 
matous animals, so useful to man, among them. There are no 
native horses, oxen f or sheep ; yet all these thrive and multiply 
on the grassy steppes of the cduntry, which seem to be so well 
suited to them. There are none of the monkey tribe ; indeed, they 
could not exist in a country where there is scarcely any fruit. 

1 This computation was made prior to Dr. Livingstone's discoveiics. 

Y 2 



472 


PHYSICAL GEOGRAPHY. 


Chap. XXXII, 


Of the species of indigenous quadrupeds, %0 are found nowhere 
else, and by far the greater number are marsupial animals, 
distinguished from all others by their young bcigg as *ifr were 
prematurely born and nourished in the pouch till they are ablp 
to fare for themselves. 1 Though all the members of this nu- 
merous family agree in this circumstance, they are dissimilar in 
appearance, internal structure, in their teeth and feet, consequently 
in their habits ; two genera live on vegetable food, one group are 
gnawers, and another entirely deprived of teeth. The kangaroo 
and the kangaroo-rat^ walk on their hind legs, and advance by 
bounds, springing fryn their strong tail ; the kangaroo-rat holds its 
food in its paws* like the squirrel ; the phalangers live on trees, and 
swing by their bushy tail — some burrow in the sand ; the flying 
opossum, or Petaurus, peculiarly an Australian animal, lives at tile 
foot of the Blue Mountains, on the leaves of the gum-tree ; by ex- 
panding the skin of its sides as a parachute, it supports itself in 
the air in its leaps from bough to bough. Several of the genera 
are nocturnal, a characteristic of many Australian animals. 

The pouched tribe vary in size from that of a large dog to a 
mouse; the kangaroos, which are*the largest, are easily domes- 
ticated, and are used for food by the natives. Some go jn large 
herds in the mountains, others livc f in the plains ; however, they 
have become scarce near the British colonics, and, with all other’ 
native animals, are* likely to he soon extirpated. In Tasmania they 
are less persecuted ;; several species e^ist* there. The kangaroos are 
more widely dispersed thp.ii any of the 'marsupial animals of the^Old 
World. c Yhey«exist not only in Australia and Tasmania, hut alsoTn 
New (5uinca. The banded kangaroo, the handsomest of his tribe, 
is found only in the islands in Shark’s Bay, on the waft coast of 
New South Wales.# ‘ v The‘ wombat is peculiar to Australia, the 
islands *ln Ba§§ ’Strait, hqd* Tasmania ; to which tfee^tWo largest 
carnivorous marsupials peculiarly belong, called by the natives the 
Tiger Hyaena (Thylacinus), and the « native Devil; both are noc- 
turnal, predatory, and fierce. A wild dog living in the* woods, whose 
habits are ferocious, is, with the tiger hyaena, the largest carni- 
vorous animal in Australia. 

The gnawing, animals are aquatic and very peculiar, but the 
Edentata of New Holland are quite anomalous ; of these there are 
two genera, the Ornithorhynchus, or duck-billed mole, and the 

1 There are 5 tribes, 15 genera, and nearly 150 species of living marsupial 
animals, amounting to about one*t\velf'th of mil the mammalia. The Opossum 
and Chironectes are American; the four other families are inhabitants of 
Australia and the Indian Archipelago. Of the latter the Dasyurids and 
Phalangers are nocturnal : some of the Dasyuridae and the Wombat burrow in 
'the ground. 
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Echidna: they are the link that connects, the Edentata with the 
pouched tribe # and mammalia with oviparous animals. The Orni- 
thorhynchus is afcout 14 inches long, and covered with thick brown 
fur ; its skull is similar to that of a quadruped, ending in a bill like 
that of a duck : it has short furry legs with half-webbed feet, and 
the hind feet are areqed with claws and a sharp spur, the wounds 
from which are dangerous. It inhabits burrows on the banks of 
rivers, which have *two entrances, one above, the other below iho 
level of the water, which it seldom leaves, feeding on insects and 
seeds in the mud. # 

The Echidna is similar in its general structure to the ornitho- 
rhynchus, but entirely different in external appearance, being 
covered with spines ltke the porcupine ; it is also a burrowing 
animal, sleeps during winter, and lives on ants in summer. 

A singular analogy exists between Australia and South America 
in this respect, that the living animals of tie two countries are 
of the same forms and types as the extinct races of their inhabit- 
ants, many of which arc gigantic representatives of the now com- 
paratively diminutive existing animals ; while in the Old Con- 
tinent tlje difference between the existing and extinct forms of 
beings is most decided. Australia aryl South America seem still 
to retain some of those conditions^that were peculiar to the most 
ancient geological eras. Thus each tribe of the innumerable families 
that inhabit iJhe earth, the* ^ir,jmd the waters, has«a limited sphere. 
llow*wonderfijl the quantity of life that now is* and* the myriads 
of Beings that have appeared and vanished ! l Dust ha# returned to 
dust through a long succession of ages, and has tyeen continually 
remoulded into new forms of existence— not an atom has been anni- 
hilated ; the fate of the vital spark that has animated it, with a 
vividness sometimes approaching to «is *)n& # of ths deep 

mysteries of Providence. 

• § 

1 Sir Charles Lyell estimates the Dumber of existing species of animals an J 
vegetables, independent of the infusoria, to be between one and two millions, 
which must surely be under the mayk, considering the enormous quantity of 
animal life in the ocean, to the amount of which we liav* «ot ^ven an ap- 
proximation. If the microscopic and infusorial existence tye taken into the 
account, the surface of the globe may be viewed as one mass of animal life — 
perpetually dying, perpetually renewed. -A drop of stagnant water is a world 
within itself, an epitome of the earth and its successive geological races. 

A variety of microscopic creatures appear, and die ; in a few days a new set 
succeeds ; these vanish and give place to a third set, of different kinds from 
the preceding ; and the debris of alf remain at the bottom of the glass. The 
extinction of these creatures takes place without any apparent cause, unless a 
greater degree of putrescence of the water be to them what the mighty 
geological catastrophes were to beings of higher organization— the introduction , 
of the new is not more mysterious in one case than in the other. t 
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CHAPTER XXXIII. 

/* 

The Distribution, Condition, and future Prospects of thjt Homan Race. 

m ■ * 

More than 1,000, 000, 000 1 of human beings are scattered over the face 
of the earth* of all nations and kindreds and tongues, and in all stages 
of civilization, from a high state of moral and intellectual culture, to 
savages but little above the animals that contend with them for the 
dominion of the deserts and forests through which they roam. This 
vast multitude is divided intonations and tribes, differing in external 
appearance, character, language, and religion. The manner in which 
they arc distributed, Ihe affinities of structure and language by which 
they are connected, and • the effect that climate, food, and customs 
may have had in Modifying their external forms, or their moral and 
mental powers, are subjects of much more difficulty than the geo- 
graphical dispersion of the lower classes of animals, inasmuch as the 
immortal spirit Is the chief agent in all that concerns the human race. 
The progress of the universal mind in past ages, its present condition, 
and the future prospects of humanity, rouse the deep sympathies of 
our nature for the hi^h but mystei^ous .destiny of the myriads of 
beings yet to corfie, who, like ourselves, will be subject for a few- 
brief years to c the joys and sorrows of this transient state, and fellow- 
heirs' of eternal ]£fe hereafter. 

Notwithstanding the extreme diversity, physical and mental, in 
the several races of, mankind, anatomists have found that there are 
no specific differences between them — that the hideous Esquimaux, 
the jefined and intellectual Caucasian, the thick-lipped Negro, and 
the fair blue-eyed Scandinavian, are r mere varieties of the same spe- 
cies. The hunjan family consists of five great varieties marked by 
distinctive characters. Many nations are included in each ; distin- 
guished from another by difference of language, manners, and 

, Square Miles. 

I The population of the world has been thus estimated : — 


Europe .. .. 265,398,000, scattered over 3,768,000 

Asia 652,500,000, „ 16,915,000 

Africa ‘60,000,000, „ 11,376,000 

America 57,359,681, „ 15,840,000 

Australasia, including '■* 

New Zealand . . . . 500,000, „ 3,038,000 

Polynesia, unknown .. .. „ 1,170,000 


1,035,757,680 Sq. Miles 52,107,000 
Keith Johnston's ‘ Phys. Atlas/ in fol. 1856. 
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mental qualities, yet bearing such a resemblance in general phy- 
siognomy and appearance as to justify a classification apparently 
anomalous. * 

The Caucasian group of nations, which includes the handsomest 
and most intellectual portion of mankind, inhabit all Europe, except 
Lapland, Finland, Jbd Hungary ; they occupy Northern Africa, as far 
as the 20th puaallel oPmorth latitude, Arabia, Asia Minor, Persia, the 
Himalaya chaurto # the Brahmapootra, ail India between these moun- 
tains and the ocean, and the United States of America. These 
nations are remarkable for a beautifully-shaped head, regular features, 
fine hair, and symmetrical form. The Greeks, Georgians, and Cir- 
cassians are models of perfection in form, especially the last, which 
assumed as the type of the Caucasian variety ; of which it is evident 
that colour is not a characteristic, since they arc of all shades, from 
the fair and florid to the clear dark-brown and almost black. This 
family of nations has always been and still is the most civilized por- 
tion of the human race. The inhabitants of Hindostan, the Egyp- 
tians, Arabians, Greeks, and Romans, were in ancient times what 
European nations are now. .The cause of this remarkable develop- 
ment of mental power is no doubt natural disposition, for the dif- 
ference*iiMlie capabilities of nations seems tobefis great as that of 
individuals. The origin of spontaneous civilization and superiority 
may generally be traced to the taflent of some mhster-spirit gaining 
an ascendancy over his epunttponen. Natural.caqses have also com- 
bined with mental : mildness S)f climate, fertility of soil ; rivers and 
inland seas ,*by affording facility of intercourse, favoured .enterprise 
and commerce; and* the double-river systems in, Asia brought dis- 
tant nations together, and softened those hostile 'antipathies which 
separate people, multiply languages, and induce all to barbarism. 
The genius of this family of nations* led, tlyem tev profit liy these 
natural advantages ; whereas the American; Indians? are at this day 
wandering as barbarous hordes in one of the finest countriei?in*thc 
world. An original similarity or even identity of many spoken 
languages may be adverted to as having facilitated communication 
and mental improvement among the Caucasian variety in very ancient 
times. , . 

The Mongol-Tartar race forms the second gfroup of nations. 
They occupy all Asia north of the Persian table-land and of the 
Himalaya; the whole ©f eastern Asia from the •Brahmapootra to 
Behring Strait, together with the Arctic regions of America north 
of Labrador. This family includes the Tourkotnans, Mongol and 
Tartar tribes, the Chinese, Indo-Chinese, Japanese, the Esquimaux, 
and the Hungarians, now located in the very heart of Europe. 
These nations are distinguished by broad skulls and high checks 
bones, small black eyes obliquely set, long black hair, and a yellow 
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or sallow olive complexion ; some are good-looking, and many arc 
well-made. A portion of this family is capable of high culture, 
especially the Chinese, the most civilized }>eople of eastern Asia, 
although they never have attained the excellence of the Caucasian 
group, probably from their exclusive social system, which has sepa- 
rated them from the rest of mankind, and kept/hem stationary for 
ages; the peculiarity and difficulty of their lane^ge have also 
tended to insulate them. The Kalmuks, who lead a pastoral and wan- 
dering life on the steppes of central Asia, and the Esquimaux, have 
wider domaips than any other of this, group. The Kalmuks are 
rather a handsome people, and, like all who lead a savage life, 
have acute sense? of seeing and hearing. The inhabitants of Fin- 
land and Lapland are nearly allied to the Esquimaux, who art 
spread over all the high latitudes of both continents — a diminutive 
race, equally ugly in face and form. 

The third, or Malayan group, occupy the Indian Archipelago, New 
Zealand, Chatham Island, the Society and several others of the Poly- 
nesian islands, together with the Philippines and Formosa, Mindanao, 
Gilolo, the high lands of Borneo, Sumbawa, Timor, New Ireland, New 
Guinea, Tasmania, and the continent of Australia. The Australians 
and the Papuans, *vho inhabit some of these islands, are’amoxlgst the 
most degraded perhaps of mafikind. ‘The Malayans are very dark, 
^vith long coarse blaplc hair, flat fa^cs, and obliquely set eyes. En- 
dowed with great activity and ingenuity, tjiey are mild and gentle, 
and far advanced in /lie i*rts of social lhe/in seme places ; in others, 
ferocious and vindictive, daring and predatory ; from their maritime 
•position and sMll^they are a migratory race. ^Several branches of 
this group of nations had a very early indigenous civilization, with 
an original literature wri/tenan peculiar charactejp of their own. 

The fourth gropp ofnation^.(the Ethiopian) are widely dispersed ; 
they occifpy all Africa south if the Great Desert, and a large portiop of 
the Island of Madagascar. The distinguishing characters are, a black 
skin, with woolly or frizzled hair, 1 thic& lips, projecting jaws, high 
cheek-bones, and 'large prominent eyes. A great variety, however, 
exista in this jetty race : some are handsome both pi features and 
liguro, especially in Ethiopia ; and even ip western Africa, where the 
Negroes live, there are tribes in which the distinctive characters are 
less exaggerated. This great family has not yet attained a high 
place in civilization, though by no means incapable of cultivation ; 
part of Ethiopia appears to have made considerable progress in very 
ancient times. But the formidable deserts, so extensive in some 

1 Wool is peculiar to quadrupeds, the hair of the negro only resembles it. 
Both hair 4hd wool consist of a transparent tube or sheath containing a white 
o\ coloured pith, but the Bheath of hair is smooth, whilst that of wool is 
notched, which gives it the felting property. ' 
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parttf of «the continent, and the insalubrious climate in others, have 
cut off intercourse with civilized nations ; and the infamous traffic 
in slaves, to the disgrace of Christianity, has rendered the inhabit- 
ants of tropical Africa more barbarous than they were before : while, 
on the contrary, the\joulahs and other tribes, who were converts 
to Mohammedanism' 400 years ago, possess now large commercial 
towns, cultivated grounds, and schools. 

The fifth, or American group, wl^p occupy the ^hole of the New con- 
tinent from 62° N. lat. to the Strait of Magellan, are afmost all of 
a reddish brown or copper colour, with long black hair, •deep-set black 
eyes, aquiline nose, and, often of handsome slender forms. In North 
Arfterica they live by hunting, are averse to agriculture, slow in 
acquiring knowledge, but extremely acute, brave, and fond of war, 
and, though revengeful, are capable of generosity and gratitude. In 
South America many are half-civilized, but a greater number are 
still in a state of complete barbarism. In a family so widely scat- 
tered great diversity of character prevails, yet throughout the whole 
there is a similarity of manners and habits which has resisted all the 
effects of time and climate. & 

Each of tKSfee five groups of nations, spread over vast regions, is con- 
sidered as forming one family ; and jf they are so by physical struc- 
ture-, they are still more so by language, which expresses the universal 
mind of a people, modified by pxt^mal circumstances* of # which none 
have j# greater influence than the geographical.features of the country 
they Inhabit — an influence that is deepest in the early stages of £gciety. 
The remnants of ancient poetry in the south of ScotVmd partake of 
the gentle and pastoral character of the country ; while Celtic verse, 
and even the spoken language of the Highlander, are full of poetical 
images of waT and stem mountain scenery. # Thil is pVticulally to 
be observed in the noble strains of Homer, and in the heroic poqpigp 
of the early Hindus, which reflect the lofty and sublime character of 
eastern scenery. 1 As civilization advances, and man becomes more 
intellectual, language keeps pace in the progress. New words aiyl 
new expressions are added, as new ideas occur and new things are 
invented, till at last language itself becomes a study, is refined and 
perfected by the introduction of general terms. The improvement 
in language and the development of the mind have been the same 
in all nations which have arrived at any degree of refinement, and 
show the identity of human nature in every country and climate. 
The art of printing perpetuates a tongue, and great authors immor- 
talize it ; yet language is ever changing to a certain degree, though 
it never loses traces of its origin. Chaucer and Spenser have be- 

1 Valnjiki, the Hindu poet, is supposed to have been contemporary with 
Homer, if not his predecessor : his great work is the * liamayana/ an heroic 
poem of the highest order. 
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come obscure ; Shakspeare requires a glossary for the piodenr reaider ; 
and in the few years that the United States of America have existed 
as an independent fiation, the colloquial language has deviated from 
Uie mother tongue. When a nation degenerates, it is split by jea- 
lousy and war into tribes, each of which in process of time acquires 
a peculiar idiom, and thus the number of dialects is increased, though 
they still retain a similarity ; whereas, when nfksscs of mankind are 
united into great political bodies, Jheir languages by degrees assimi- 
late to one r commoq tongue, which retains traces of all to the latest 
ages. The form of the dialects now spoken by some savage tribes, 
as the North American Indians, bears the iparks of a once higher 
state of civilization. 4 

More than 2000 languages are spoken, but few are independent ; 
some are connected t by words having the same meaning, some by 
grammatical structure, others by both ; indeed the permanency of 
language is so great, that neither ages of conquest, nor mixing with 
other nations, have obliterated the native idiom of a people. The 
French, Spanish, and German, retain traces of the common language 
spoken before the Roman conquest, and the Celtic tongue ptill exists 
in the British .islands. « t , *' 

By a comparison of their dialects, nations far apart, and differing 
in every other respect, are discovered to have sprung from a com- 
mon though remote, origin. Thf s pll the numerous languages 
spoken by the American Indians, or red men, are similar in r gram- 
matic^ structure : an intimate anafogy exists in the languages of the 
Esquimaux nations who inhabit the arctic regions of both continents. 
Dialects of one tongue are spoken throughout North Africa, as far 
south as the oasis cf’Siwah on the east, and the Canary Islands on 
the West, ^hotte# gibqp* of cognate idioms is common to the in- 
# h actants of Equatorial Africa, while all the southern part of the 
continent is inhabited by people «whose languages are connected. 
The monosyllabic speech of the Chinese and Indo-Chinese shows that 
tljcy are the same people ; and all the insular nations of the Pacific 
derived their dialects from some tribes on the contiuent of India and 
the Indian Archipelago. Cognate tongues are spoken by the Tartars, 
Mandtchoux, Fins, Laplanders, many of the Siberian tribes, and 
by the Hungarians. The Syro- Arabian, or Semitic languages, a§ 
the Chaldee, Arabic, and Hebrew, are evidently, from their gram- 
matical construction, of the same origin. 

The Persian, Greek, Latin, German* and Celtic tongues are con- 
nected by grammatical structure, and words expressive of the same 
objects and feelings, yith the Sanscrit, or sacred language Of India ; 
consequently the nations inhabiting that vast extent of country from 
the mouths of the Ganges to the British Isles, the coast of Scan- 
dinavia and Iceland, must have had the same , origin. * “ The words, 
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that fflll thoughtlessly from our lips in the d^ily vocations of life are 
no idle sounds, but magic symbols which preserve for ever the first 
migrations of the race, and whose antiquity mak# Greece and Rome 
appear but of yesterday.” 1 

The number of wiguaggp spoken from the Ganges to Scandinavia, 
differing so widely fitom. one another, is a proof of the strength of 
individual character in nations, which can so powerfully impress its 
peculiarities on the same mother tongue. In fact, every nation, as 
weir&s every Individual, has its own physical, moral, «and intellec- 

1 The words which one nation borrows from another do not prove an 
priginal connexion, it is the “ home-bred speech,” the words which children 
learn in early infancy, that show a common origin, snch as those of near 
relationship, of first necessity, as to cat, sleep, walk, &c., the names of the 
most ordinary natural objects, the numerals, &c. Tribes or families of nations 
long separated have preserved such words for thousands of years with a 
purity that makes them easily to be recognised as having sffrung from a 
common stock. However, nothing can be inferred frorp a coincidence in the 
meaning of one or two words, common to two languages, but Dr. Thomas 
Young has calculated by the theory of probabilities that, if three words were 
identical in two languages, the -odds would be more than ten to one thftt in 
both cnSesNthey must have been derived from a com mon»pa cent tongue ; that 
for six words the chances would* be 1700 to 1, and for eight words in 
common 100,000 to 1 ; so that in thtxtwo latter cases,- the evidence would 
be little short of certainty that the languages in’ question, and consequently 
the natives who speak them, had*a common origin. * % 

ljut according to the more* le.Trned modern effmograph&s, the affinity of 
languages is hot so much to b|| sought in tke coincidence of words as in 
the grammatical stru^ure, which is also of remarkable •permageqey. A 
similar inflexion of nouns and form of roots prevail through whole groups 
or classes of languages which have few words in common, the words, as 
Klaproth justly remarks, being the material languages, grammar the 
fashioning or formation of it. The Syr%-Chjldi^c, Hebrew, Arabic, and 
Abyssinian afford a striking example of identity in gramfnatigial structure, li^ 
these languages the tenses of the verbs are formed from the third persog ofrthe 
preterite, and in most cases the*yoots of the verbs, or the consonants they 
contain, are the same, and follow in the same order; voxels art necessarily 
used when the words are spoken, but they are constantly omitted when the 
languages are written and printed, since no letters or characters for wwels 
exist in t,h$ alphabets of the Semitic or SyrorArabian* group, with the excep- 
tion of the Abyssinian, which has a syllabary but no. real alphabet, in 
religions books, however, or difficult passages, where the meaning might he 
doubtful, signs are occasionally added for the vowels, which are of a com- 
paratively modern date : thus the two words which mean wrote and killed in 
the three languages in questiqp are printed c t b and c 1 1, but when spoken 
they become c t a b and c t a 1 in Syro-Chaldaic, c a t a b and c a t a 1 in Hebrew, 
cataba and catala in Arabic, the roots or consonants being the same, ami 
following in the same order , in all three. The Hebrew is historically known 
to have sprung from the Syro-Chaldaic, for Abraham spoke Clmldaic. 

In Sanscrit the roots are syllables instead of consonants, and the peculiarity 
of the Chinese, the Indo-Chinese, and Bhutan languages, is that the words 
consist of but one syllable, and that each word. derives its meaning from its 
position in a sentence. 
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tual organization, which influences its language and its whole 
existence. * 

In the Indo-Ei^ppean nations, which have been dominant for 
ages, civilization has been progressive, though not without interrup- 
tions. Providence has endowed these nations wjpi the richest and 
most ornamental gifts. Imagination hasTjeen^oerally granted, and 
embodied in all that is sublime and beautiful in fychitecture, sculp- 
ture, painting, and poetry. In strength of intellect and speculation, 
in philosophy, science, Jaws, and the political princl|les of society, 
they have been pre-cfliiDcnt. 

The prevailing races of mankind now inhabiting Europe arc the 
Teutonic, Celtic, and Sclavonian. In the greater part of the con-j 
tinent these races arc mixed, but the blood is purely Teutonic 
tin oil ghout Iceland, Scandinavia, round the Gulf of Bothnia, in 
Denmark, Germany, and the east of England from Portsmouth to 
the Tyne. ^Pure Celtic blood is confined to the Basque Provinces in 
Spain, the south and south-west of France, a part of the Orisons and 
Switzerland, and the western parts of the British Islands. The Scla- 
vonian blood is widely dispersed in middle Russia, from the Ural 
Mountains to the west of the Valdai table-land, and from Jfofogorod 
to the countries bordering on* the lor or course of the Don. The 
three races have been much improved by mixture, in appearance, 
energy, and versatility of mind. t 

It is extraordinary, tliat nations should *lose their vitality without 
any apparent cause ; throughout the Jndian ArchipclagG there is i\o 
‘longer $ 11 ^ one great Malayan nation ; in Eurc^o pure Celtic blood 
has been on -the decline for 20 centuries, and even the mixed Celtic 
variety has not increase^ in proportion to the Teutonic, although for 
2000 years they t havtP - been posed to tlio same external circum- 
stances. * 

JUt present the Teutonic race, including the inhabitants of Noitli 
America anjl the British colonies, considerably outnumber the Celtic, 
though its numbefs were far inferior in ancient times. The Teutonic 
variety has subdued and even exterminated the other varieties in its 
progress towards the? west; «i 1 is undoubtedly the most vigorous, 
both in body oucVmind, of all mankind, and seems destined to con- 
quer and civilize the whole world. It is a singular fact, whatever 
the cause may be, that the Celts are invariably Roman Catholic, while 
tho Teutonic population is inclined to Bpotestantism, which conse- 
quently will go on increasing in its spread over the world with the 
intellectual race that professes it. 

Various other rtices inhabit Europe, inferior in numbers to 
tjiiose above mentioned, though occasionally mixed with them, 
as the Turks, Fins, the Samojedes, who live on the shores of*the 
White Sea and in the north-east of Russia, and the Hungarians, 
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the higher class of which are a fine race of men, and on % par with 
the most cftilized of the European nations . 1 There are#many 
mixed Tartar tribes, chiefly in the south and east of the Russian 
territories ; also Jews and Gipsies, who live among all nations, yet 
mix little # with an\ a 

The inhabitants o& Great Britain are of Celtic and Teutonic 
origin. The Celtic blood is purest in Cornwall and the Scilly 
Islands, in Wales, and the Isle of Man : in the highlands of Scot- 
land and the Hebrides it is more mixed than is generaily supposed, 
as plainly appears from the frequency of red h&ir and blue eyes. In * 

1 To explain which we must bear in mind that Europe had been inhabited 
before the arrival -of the Asiatic tribes, consequently some of the inhabitants 
of the more remote regions are probably the aborigines of the country. 

a European Population. 


Pure blood . 

Teutonic # 52,o6o,000 

Sclavonian 50,000,000 

Celtic 12,000,000 

Magyar 9,000,000 

• Jins and Samojedes .. *5,000,000 

Tartar in South Russia , .. . r .. .. 2,000,000 

Jews r 2,000,000 

Total European population of pure blood, 1^0,000,000 

* «i • - 


* Mixed l^ood in Europe. , 

Teutonic Cel'efe in Great Britain and Ireland S£2,000,000^ 

Teutonic Sclavonian 8,000,000 

Teutonic, pure and mixed with Walloons in 

Belgium !. ..V. *. • 1,^0,000 

Teutonic Northmen in Normandy £nd ether , • 

parts of Franco ?. .. l,fft)0,000 

Celtic in its different varieties in France, 

Spain, Portugal, Italf /and Switzerland . . 56,000,000 

Sclavonian in Germany, Bohemia, Wallachia 0,000,000 

Lettons .. 2,000,000 

Tuiks 4,000,000 

Turco-Tartar-Sclavonio in centre, south-east, * 

and east of' Russia . . 2*, 600,000 

Kalmuk, between the Volga and Ural 300,000 


The number of people of mixed blood in 

Europe * 101,600,000 


The total population of Europe, pure and mixed, amounts to about 232 mil- 
lions, including 600,000 Gipsies. The Teutonic population in the United 
States of Noith America and in the British colonies amounts to 20 millions; 
so that the total number of people of Teutonic blood is rather more than. 
100 millions. — Notes accompanying the Ethnographic Map of Europe, by 
Dr. GUstaf Kombst : ‘ Phys. Atlas/ By a more recent census the population 
of Europe has been estimated at 265.398,000. 
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some part#of Ireland there is- pure Celtic hlood, but thoughqut the 
great#: part of that country it is mixed, although tlie Celtic cha- 
racter predominates-; ]put in Ulster, where the earliest colony 
settled, the blood is Teutonic. In* Ireland the- difference in the 
organization of the two races is strongly malted r placed under 
the same circumstances, the Teutonic pant fn the population has 
prospered, which, unfortunately, has not bSen the case, to the same 
extent, with the Celtic. 1 • 

The dialects spoken* in the Celtic districts are closely allied to 
the Semitic languages of Asia, and to one another. The Cornish 
is worn out, the Manx is nearly so, and the Gaelic is declining fast 
in the Hebrides and highlands of Scotland. . c 

The Roman invasion had no effect on the Anglb-Saxon or old 
English, a language of Teutonic origin, hut the Norman invaders 
had modified it considerably, and in modem times the English 
tongue has unfortunately been corrupted by the introduction of 


1 Population of Great Britain and Ireland. 


On an average the pure-blooded population amounts to 
Teutonic in England, Scotland,, and in the east and 0 

north-east of Ireland .. .. 10,(Xi{),000 

Celtic in Cornwall, Wales, the Scottish Highlands, 


and Ireland 




6,000,000 


The pure-blpoddl^iifh^itants amounts^o c- .. .. 16,000,000 

f * Mixed blohd. 

Mixture in which the Teutonic blood predominates .. 6,000,000 
Mixture In which the Celtic blood predominates .. 4,000,000 


, 10,000,000 

w In all ^6;,00 4 0,500 inhabitants in 1841. 

>Tot£s accompanying the Ethnographic Map of Great Britain and Ireland, 
by Gustaf Komb&t : 4 Phys. Atlas.* t © 

By the last census, in 1851, the inhabitants of Great Britain and Ireland in 
numbers and religion were — 

v Pop. Protestants. Catholics. Greeks. Jews. 

England and Wales 17^27,609 17,500,000 400,000 500 17,000 

Scotland 2,888,742 2,770,000 106,000 — — 

Ireland .. .. 6,515,794 2,015,794 4,500,000 — — 

' Comparing these numbers with the preceding census in 1841, it appears that 
the population of Great Britain had increased by 2,282,019= in ten years, while 
that of Ireland had decreased by 1.659,330, or more than 20 per cent., in the 
same time. The emigration to America has been 27 8,67 5 from England, 70,550 
from Scotland, and 961,719 from Ireland. Keith Johnston’s * Phys. Atlas.’ 

The discovery of gold in California and Australia, with the consequent emi- 
gration, show how vain the fear of over population in our islands has been, 
c and how ignorant we are of the immense treasures and inexhaustible resources 
of the natural world. The ingenuitay>f mnn is infinite, and will continually 
discover new powers and innumerable combinations that will furnish sources 
of wealth and happiness to millions. 
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French, L^tin, and Latinized words . 1 Scotch spoken throughout 
the Lowlands of Scotland is a dialect independent of the English, 
though of the same stock ; it is derived from the low German, the 
Frisian, Dutch, Mnd Flemi#, and differs in many respects, and 
often widely, from the Anglo-Saxon. 

The races of mankind are equally disflnguished from one another 
by their religious opinions. Europe is Christian ; Catholicism is 
the faith in the north-west ; and it has been observed that wherever 
the spoken language is derived from thdt of ancient Rome, the 
religion of modern Rome prevails. In th% eqpt of Europe the 
Sclavonians are of the Greek Church, and in North and Central 
Europe the people are Protestant. From the Atlantic along the 
northern coast of Africa, and from Turkey in Europe through 
Persia to India, the inhabitants are for the most part Mohammed- 
ans ; Brahmanism, Buddhism, and other forms of idolatry prevail 
through the rest of the Asiatic continent. 

In the United States, and the British provinces of North America, 
the great proportion of the population is Protestant ; Mexico and a 
largej)ortion of South America, is nonyifally Catholic ; and* the rest 
of the %buthern continent, with a few exceptidhs, is in the lowest 
state of barbarism. * 

No circumstance in the natiffal world is more inexplicable than 
the diversity of form and colour in the hum^n race. It had already 
begun in the ante-diluviafl world, for * tlitffe wfere giants in the 
•land in those days.” No direct mentidh is made of cc\Jour at that 
fime, unless the Iflark set upon Cain, “ lest vg\y one Ending him 
should kill him,” may allude to it. Perhaps, also, it may be 
inferred that black people dwelt in Ethiopia or the land of Cush, 
which means black in the Hebrew* langu§ge 4 At all ^vents, the 
difference now existing must have sfrisen after ffhe Deluge, conse- 
quently all must have originated with Noah, whose wife, or fhe wives 
of his sons, may have been of different colours, for aught We know. 

Many instances have occurred in modem times of albinos and red- 
• haired children having been born of black parents, and thefe have 
transmitted their peculiarities to their descendants for several gene- 
rations ; but it is extremely doubtful whether pure-blooded white 
parents have produced a black offspring. The varieties are much more 
likely to ha^g arisen from the effects of climate, food, customs, and 
civilization upon migratory groups ftf mankind ; and of such, a few 
instances have occurred in historical times, limited, however, to 
small numbers and particular spots ; but the great mass of nations 
had rec^ved their distinctive characters at a very early period. The 

t l “ The English language seems ctaflgn, like the people, to rule in future times 
in a still greater degree in all corneW>f the earth. Jn richness, sound reason, 
and flexibility, no modern language can be compared with it.” — Grimm . 
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permanency of type is one of the most striking circumstances, *and 
proves the length of time necessary to produce a change in national 
structure and colour. A nation of Ethiopians existed 35 centuries 
ago, which emigrated from a remote cxratry and settled near Egypt, 
and there must have been black people before th / age of Solomon, 
otherwise he would not have alluded to colour, even poetically. 
The national appearance* of the Ethiopians, Persians, and Jews, has 
not varied for more than 3000 years, as appears from the ancient 
Egyptian paintings in the tomb of Rhamses the Great, discovered 
at Thebes by Bel^oni, in which the countenance of the modern 
Ethiopian and Persian can be readily recognised, and the Jewish 
features and colour are identical with those of the Israelites daily 
met with in the streets of London. Civilization is supposed to have 
great influence on colour, having a tendency to make the dark shade 
more general, and it appears that, in the crossing of two shades, the off- 
spring takes the complexion of the darker, and the form of the fairer. 
But as there is no instance of a new variety of mankind having been 
established as a nation within the historical period, there must cither 
have bedn a greater energy the causes of change before that Jime, 
or, brief as the span* of man on parth has been, a wrong estimate of 
* time antecedent to the Christian period must have made it shorter. 1 

Darkness of complexion has beerf attributed to Hie sun’s power 
from the age of Solomons to this day — “ Xuoojv not upon me, because 
I am black, because thifc sun hath lookeef upon me and f tliere cab 
be no doubt* that* to a certain degree, the opinion is well founded^ 

‘ The invisible rays ®f the solar beams, which *change vegetable 
colours, and have been employed with such remarkable effect in the 
Daguerreotype, act upop eVer/ substance on which they fall, pro- 
ducing mysterious and, wtndcrftfl changes in their molecular state — 
man i\pt excepted.'-* 

c t? 

1 From the discrepancies in the chronological Systems, it is evident that the 
actual period of manV creation cannot be fixed with any degree of accuracy. 
Chevalier Bunsen has ascertained from monumental inscriptions that the suc- 
cessive Egyptian dynasties may be traced back to Meres, 3640 years before the 
Christian era, and from thfe high state of civilization during the reign of that 
prince, proved by the magnificence of the works of art then executed, he infers 
that the Egyptians must have existed 500 yearn previous to their consolidation 
into one empire by him, which would lead us hack to the received peiiod of 
man’s creation. Compared with geological periods, man is gf very recent 
creation, as appeal’s from the vast extent of uninhabited land, which would 
require ages and ages to people, even if the increase of population were as rapid 
ns in the 4 United States of North America in our own times. Dr. Prichard 
thinks that the Hebrew chronology has been computed with some approximation . 
to truth up to the arrival* of Abraham in Palestine, hut that we qui' never 
knew how many centuries may have elapsed from that event to the time when 
“ the first man of olay received the imagmof God and the breath of life.” « 

9 Dark-coloured substances absorb moWbf the sun’s heat than light-coloured 
ones ; therefore, the black skins of the natives of tropical climates absorb more 
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Other causes must have been combined to occasion all the varieties 
we now see, otherwise every nation between v the tropics would be of 
the same hue*whereas the sooty Negro inhabits equatorial Africa, the 
lied man equinoctial America, and both are mixed with fairer tribes. 
In Asia, the Rohilljs, a fair race of A Afghan extraction, inhabit the 
plains north of the Ranges ; the Bengalee and the mountaineers of 
Nepaul are dark, and cfe^Mahrattns are yellow. The con^plexion of 
man varies also with heiglft above the sea and the latitude of the region 
he lives in ; some of the inhabitants of the Himalaya and Hindoo 
Koosh are fair, and even a ref-haired race Is found or the latter. 
There are fair-haired people with blue eyes in the ^uddhua moun- 
tains in Africa. The Kabyles, that inhabit the country behind 
r JJunis and Algiers, are similar in complexion to the nations in 
northern latitudes. This correspondence, however, only maintains 
with regard* to the northern hemisphere, for it is a well-known 
fact that the varieties of the numerous species in the southern 
continents are much more similar in physical characters to- the 
native races of the torrid zone than any of the aboriginal people of 
the northern regions. Even supposing that diversity of colour is 
owing to the sun’s rays only, it is scarcely possible to attfibute the 
thick lipsf^he woolly hair, 'and the difference of •form, extending 
even to the bones and tlie skulf, to anything but a concurrence of 
circumstances, inching perliaps^the invisible influences of elec- 
tricity and magnetism, which jRrvade every part;of«the earth and air. 
The jarity of the air also a fleet? the structure? of the human frame, 
and even mollifies the most important fifhctions of # life,# for the 
people who have for t&nturies inhabited the heights of thP Andes 
have, according to Dr. Prichard, a more capacious chest, and lungs 
of a larger volume, than other races of mem. •• t 

The flexibility of man’s constitution «iables#hiiji to live ii* every 
climate, from the equator to the cver-frozeSi coasts of Novaia Zemlja 
and Spitzbergen, and that chiefly by his capability of bearing the 
most extreme changes of temperature and diet, which are probably 
the principal causes of the variety in his form. It has already been 
mentioned that oxygen is inhaled with the atmospheric air, and also 
taken in by the pores in the skin ; part of it combines chemically 
with the carbon of the food, and is expired in the form of carbonic 
acid gas and water ; and that chemical action is the cause of vital 
force and heat in man and animals. The quantity of food must he 
in proportion to the quantity of oxygen inhaled, otherwise disease 
and loss of strength would be the consequence. Since cold air is 
incessantly carrying off warmth from the skin, more exercise is 
requisite in winter than in summer, in cold climates than in warm ; 

heat than fair skins ; hut, from some unknown cause, the black skin is pro- 
tected from a degree of heat that would birater a fair one. 
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consequently more carbon is necessary in the former than in the 
latter, in order to maintain the chemical action that generates heat 
and to ward off the destructive effects of the .oxygen, which is 
incessantly at work ^consuming the body. Animal food, wine, 
and spirits contain more carbon than fruit and vegetables, therefore 
tfyey are much more necessary in a cold than in 4 hot climate. The 
Esquimau*, who lives by the chace , and- ^ats 10 or 12 pounds 
of meat and fat in 24 hours, finds it not fhore than enough to keep 
up his strength and animal heat, while the indolent inhabitant of 
Bengal is sufficiently supplied with both by his rice diet. Clothing 
and warmth reqder the necessity for exercise and food much less, by 
diminishing the waste of animal heat. Hunger and cold united soon 
consume the body, because it loses its power of resisting the action 
of the oxygen, which consumes part of our substance when food is 
wanting. Hence nations inhabiting warm climates hSve no great 
merit in being abstemious, nor can those be considered guilty of 
committing an excess who live more freely in colder countries. The 
arrangement of Divine Wisdom is to be admired in this as in all 
other things, for, if man had only been capable of living on vegetable 
food}- he never could; have c had a permanent residence beyond the lati- 
tude where corif ripens. T)ie Esquimaux and all the «Klliabitants 
of very high latitudes of both contfnents live entirely on fish and 
animal food. What effects the difference of may have upon 
the intellect is difficult to determiner r : * 

A nation o/ tritfe driven by war ot any other caqpe from a warm 
to a cold- country, or thd contrary, would be forced to change their 
food both in quality and quantity, which in the lapse of ages might 
produce an alteration in the external form and internal structure. 
The probability is sfill'-gre^ter, if the entire change that a few years 
produces in tho matter ©f \*hich the human frame is composed be 
considered. At every instant during life, with every motion, volun- 
tary 'and involuntary, with every thought and every exercise of the 
brain, a portion ,_of our substance becomes dead, separates from the 
living part, combines with some of the inhaled oxygen, and is re- 
moved. By this process it is supposed that the whole body is 
renewed every seven years ; individuality, therefore, depends on the 
spirit, which retains its identity during all the changes of its earthly 
house, and sometimes even a&s independently of it. When sleep is 
restoring exhausted nature, the spirit is often awake and active, 
crowding the events of years into a few seconds, and, by its uncon- 
sciousness of time, anticipates eternity. Every change of {pod, 
climate, and mental excitement must have* their influence on the 
reproduction of the mortal frame; and thus a thousand causes may 
° co-operate to alter whole races of mankind placed under new circum- 
stances, time being granted. ** 
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The difference between the effects of manual labour and the efforts 
of thejbrain appears in the intellectual countenance of the educated 
man, compared with that of the peasadt, though even he is occa- 
sionally stamped with nature’s own nobility. The most savage 
people are also the ugliest, Their countenance is deformed by violent 
unsubdued passions, anxiety, and suffering. Deep sensibility gives 
a beautiful and varied* expression, but everj strong emotion is un- 
favourable to perfect regularity of feature ; and of that the Greeks 
were well aware when they gave that calmness of expression and 
repose to their unrivalled sculpture. The ’refining effects of high 
culture, and, above all, the Christian religion, *by subduing the evil 
passions and encouraging the good, are more than anything calcu- 
lated to improve even the external Appearance. The countenance, 
though perhaps of less regular form, becomes expressive of the 
amiable and benevolent feelings of the heart, the most Captivating 
and lasting of all beauty . 1 • 

Thus an infinite asBemblage'of causes may be assigned as having 
produced the endless varieties in the human raefc : the fact remains 
an inscrutable mystery. But amidst all the physical vicissitudes 
man has undergone, the species remains^permanent ; and let* those 
who thftA%that the flifference in the species of animals and vege- 
tables arises from diversity of* conditions consider, that no circum- 
stances whatever can degrade the fc>rm of man to that of the monkey, 
or elevate the monkey to the^orm of man. # « 

ft is supposed that the seats of the earliest discernible civilizations 
were the mountainous parts ^>f the continents, whence the divers 
tribes descended ant> diffused themselves gradually, as geological 
causes permitted the low lands to be habitable, so*that the diffusion 
became an index of geological changes. 

Animals and vegetables, being the «uu«;e^ui % uiau » sustenance, 
have had the chief influence on his destiny and location, and have 
induced him to settle in thpse parts of the world where he* could 
procure them in greatest abundance. Wherever # tho chace or the 
spontaneous productions of the earth supply him with food, he is 
completely savage, and oqly a degree further advanced whefle he 
plants the palm and the banana ; where grain fs the principal food, 
industry and intelligence are most perfectly developed, as in the 
temperate zone. On that account the centres of civilization have 

1 The countenances of the Fuegians brought to England in 1830 by Captain 
FitzRoy improved greatly in expression by their intercourse with civilized 
men, but they had not returned, to their savage brethren more than a year 
before their whole appearance was completely changed j the look of intelligence 
they had acquired was gone ; and when compared with likenesses that had beei\ 
taken of them when in England, they were not to be recognised as the same 
persohs. 
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generally been determined, not by a hot, but by a genial plimatc, 
fertile soil, by the vicinity of the sea-coast or great rivers, affording 
the means of fishing and transport, which last has been one of the 
chief causes of the superiority of Europe and Southern Asia, The 
mineral treasures of the earth have been the means of assembling 
large masses of men in Siberia, on the table-Wd of the Andes, in 
California and New S$uth Wales, and havtf given rise to many 
large cities both in the Old and the NeW World. Nations in- 
habiting high ungenial latitudes have often been driven there 
by war, or obliged to wander from countries where the population 
exceeded the m$ins of existence — a cause of migration to which 
both language and tradition bear testimony. The belief in a future 
state, so universal, shown by respect for the dead, has no doubt 
been transmitted from nation to nation. The American Indians, 
driven from their hunting-grounds, still make pilgrimages to the 
tombs of their father^; and these tribes alone, of all uncivilized 
mankind, worship the Great Spirit as the invisible God and Father 
of all — a degree of abstract refinement which could hardly have 
sprung up spontaneously among a rude people, and which must have 
been transmitted from ractjs who hold the Jewigh faith. 

It is probable that America Jiad been peopled from Asiarftfcloro the 
separation of the continents by Bchrifig Strait, and there is reason 
to believe that the* location of various races of mankind, now insu- 
lated, may have takes place before the separation of the lands by 
mediterranean &as ; c whftst others, previously insulated, may be mow 
united by« the frying up 6f inland seas, as those which covered the 
Saharan Desert and the great hollow round the Caspian Sea, of which 
it and the Black ‘Sea are the remnants. It was probably at that 
perioefthat North Afrjpa'waspeoplecbby tribes which descended from 
tlio higlif, lands of S^negambiaand Abyssinia. 

M. Roue' has' observed thh,t mountain chains running nearly east 
and west establish much more striking differences among nations 
than those which ^extend from north to south — a circumstance con- 
firmed by observation through the history of mankind. The Scan- 
dinavian Alps have not prevented the countries on both sides from 
being occupied by people of a common descent ; while the feeble 
barrier of the Cheviot Hills, between England and Scotland, and the 
moderate elevation of the Highland mountains, have prevented the 
amalgamation of the Anglo-Saxons and the Celts, even in a period 
of high civilization. The Franks and Belgians are distinct, though 
separated by hills of still less elevation. For the same reason the 
Spaniards and Italians differ far more from their neighbours on the 
other side of the eastern and western chains, than the Spaniards do 
from the Portuguese, or the Piedmontese from the Provencals. A 
similar distinction prevails throughout Asia; and in America, 
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where all the principal chains run north and south, there is but one 
copper-coloured race throughout the continent, which stretches over 
more elimatos than Europe and Africa, or even than Asia and 
Australia united. It is in general along chains running north and 
south that the fusion of languages takes place, and not along those of 
an easterly and westerly direction^ From Poland, for instance, there 
are intermediate insensible gradations through Germany into France ; 
while in crofging from german district of the Alps to the valleys 
of Italy, different fribes and different languages are separated by a 
single mountain. Even wars and conquest, have evej been more 
easy in one direction than in the other. The difference in the fauna 
and flora on the two sides of the great table-land ahd mountains of 
Asia is a striking illustration of the influence which high lands 
rtmning east and west have on natural productions, and thus, both 
directly and indirectly, they affect the distribution of mankind. 

'The circumstances which thus determine thp location of nations, 
and thp fusion or separation of their languages, must, conjointly with 
moral causes, operate powerfully on their character. The minds of 
mankind, as weljpas their fate, are influenced by the soil on which 
they are born and bred. The natives of elevated countries are 
attached^ to their mountains ; the Dutch%re as ^iuch attached to 
their meaddws and canals ; aiyl the savage, acquainted only with 
the discomforts of life, is unhappy when brought among civilized 
man. Early associations nevej entirely leave us, ^owever much our 
position in life may alter ;• aijl strong attachments are formed to 
placdls which. generate in us habits differing from those of other 
countries. 

The Baltic and Mediterranean Seas have had 1*0 inconsiderable 
share in civilizing Europe ; one combined wjth a cold and gloomy 
climate, the other with a warm and glowing fky, have developed 
dissimilar characters in the temperament *fcncl lmbits ofcthe surround- 
ing nations, originally dissimilar in race. The charms of climate 
and the ease with which the* necessaries of life are procured were 
favourable to the development of imagination in thb more southern 
nations, and to an indolent enjoyment of their advantages. In«the 
north, on the contrary, the tfesk imposed upon n»n was harder, and 
perhaps more favourable to strength of character, Tlie Dutch owe 
their industry and perseverance to tbjpr unceasing struggle against 
the encroachments of the ocean ; the British are indebted to their 
insular position for their maritime character, and to the small extent 
of their country and the richness of their mines for their manu- 
facturing and colonizing habits; the military propensities of the 
French are owing to the necessity of maintaining their independence 
among the surrounding nations, as well as to ambitionand the love 
of fame. ^ 
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*Thus external circumstances materially rocflify the character of 
nations, but the original propensities of race are never eradiated, and 
they are nowhere more prominent than in the progress of the social 
state in France and England. The vivacity and speculative dispo- 
sition of the Celt appear in the rapid and violent changes of govern- 
ment and in the succession of theoretical experiments in France ; 
white in Britain the deliberate slowness, prudence, and accurate per- 
ceptions of the Teuton are manifest in thefgradual amelioration and 
steadiness of their political arrangements. “ The-prevalent political 
sentiment of Great Britain is undoubtedly conservative , in the best 
sense of the word, with a powerful under-current of democratic ten- 
dencies, This gives great power and strength to the political and 
social body of this country, and makes revolutions by physical force 
almost impossible. It can be said, without assumption or pretension, 
that the body politic of Britain is in a sounder state of health than 
any other in Europe ; t and that those know very little of this country, 
who, led away by what they see in France, always dream of violent 
and revolutionary plianges in the constitution. Great Britain is the 
only country in Europe which has had the good fo^une to have all 
her institutions worked out and framed by herself in a strictly organic 
manner ; that is c in accordance with organic wants , which, require 
different conditions at different aiiyl successive stages ^*f national 
development, and not by theoretical experiments , as in many other 
countries which aje still in a state (jf excitement consequent upon 
these experiments. t The social character cf the people of this country, 
besides the features which they have in common with, other nations 
of Teutonic ofigin, is, on the whole, ''domestic^ reserved, aristocratic, 
and exclusive.'**? And to these qualities may be added mental 
vigour, the real cause % of the greatness of the British empire. Its 
inhabitants are capable of tlie most energetic actions, and are roused 
to a ri'an when ttie 4 honpur or welfare of the country is endan- 
gered. By that energy and union, in the short period of thre e 
months, an army of 40,000 men has been conveyed across half the 
globe to reconquer an empire, and that, when the country had 
scarcely rested from one of the most arduous contests in our his- 
% ® 

1 Johnston’s ‘ Physical Atlas/ 

The average age of a nation, or the mean duration of life, has a considerable 
influence on the character of a people. The average age of the population of 
England and Wales is *26 years 7 months. By the census the average age of 
the population of the United States of North America is 22 years 2 months. 
In England there are 1365 persons in every 10,000 who have attained 50 
years of age, and consequently of experience; while in the United States 
830 only in each 10,000 have arrived aC that age: hence in the United States 
the moral predominance of the young and passionate is greatest. In Ireland 
there are 1050 persons in every 10,000 of the population, above 50 years of 
age, to exercise the influence of their age and experience upon the community. 
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tory, and was still engaged in another at the extreme part of the 
Asiatic continent. 

In speculating upon the effects of external 'circumstances, and on 
the original dispositions of tho different races of mankind, the 
stationary and unchanged condition is a curious phenomenon in the 
history of nations. *The inhabitants of Hindostan, far from having ad- 
vanced within the historical period, have relapsed, as has been within 
the last few months so painfully experienced by us, into barbarity. 
The Peruvians ancT Mexicans had arrived at a considerable degree 
of civilization, at which they became stationary, never having availed 
themselves of their fine country and noble rivers ; and their con- 
querors, the Spaniards, have degenerated into the s£me apathy with 
the conquered. The unaccountable gipsies have for ages maintained 
their peculiarites in all parts of the globe ; so have the Jews and 
Armenians, who, by the perseverance with which they have adhered 
to their language and institutions, have respited the influence of 
physical impressions. 

The power of external circumstances on man is not greater than 
his influence on tho material world. He cannot create power, it 
is true, but he dexterously avails himself of the powers of nature 
to subd\je # nature. Air, fire, water, steafli, gravitation, electricity, 
his own mtfscular strength, aiyl that of animals rendered obedient 
to his will, are the instruments by # which he has converted the desert 
into a garden, drained marsheg, cut canals, mad^ roads, turned the 
courses of rivers, opened coMnyunications, clqardd,away forests in one 
couittry, planned them in another, and compelled the dread Jightning 
to 'bear his messages^ through the air, the earth, and fcven the deep 
waters. By these operations he has altered the climate, changed the 
course of local winds, increased or diminished the quantity of rain, 
and softened the rigour of the seasons.^ In tUb time of Strabo the 
cold in France was so intense that it was ihou§hftmppssibleto ripen 
grapes north of the mountains of the Cevennes : the Rhine and the 
Danube were every winter co fired with ice thick enough to bear any 
weight. Man*s influence on vegetation has been ifnmense, but the 
most important changes had been effected in the antediluvian ages of 
the world. Cain waB a tilled of the ground. The olive, the vine, and 
the fig-tree have been cultivated time immemorial :• wheat, rice, and 
barley have been so long in an artificial state, that their origin is 
unknown ; even maize, which is an American plant, was in use among 
tho tribes of that continent before th$ Spanish conquest ; and to- 
bacco was already used by them to allay the pangs of hunger, to which 
those who depend upon the chac^for food must be exposed. Most of 
* the ordinary culinary vegetables bave been known for ages, and it is 
remarkable that in these days, when our gardens are adorned with. 
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innumerable native plants in a cultivated stAte, few new grains, 
vegetables, or fruits have been reclaimed ; the old have been pro- 
duced in infinite variety, and many new brought from foreigri coun- 
tries: yet there ; must exist many plants capable of cultivation, as 
unpromising in their wild state as the potato, turnip, and carrot were. 1 

Some families of plants are more susceptible of improvement than 
others, and, like man himself, can bear almosj any climate. One va- 
riety of wheat grows to 62° N. latitude ; rye and barley are hardier, 
and succeed still farther north ; and few countries are absolutely with- 
out grass. The tribe of crucifera? abounds in useful plants ; indeed 
that family, together with the solanaceous, papilionaceous, and umbel- 
liferous families? furnish most of our esculent vegetables. Many 
plants, like animals, are of one colour only in their wild state, and 
their blossoms are single. Art has introduced the variety we now see 
in the same species, and, by changing the anthers of the wild flowers 
into petals, has produced double blossoms ; by art, too, many plants, 
natives of wftrm countries, have been naturalized in colder climates. 
*Few useful plants fyave beautiful blossoms — but if utility were the 
only object, of what pleasure should we be deprived ! Refinement is 
not wanting in the inmates of a cottage covered with roses and honey- 
suckle ; and the little garden cultivated amidst a life of tgil tells of 
a peaceful home. * r 

Among the objects which tend- to the improvement of our race, 
the flower-garden and the park adorned with native and foreign 
trees have no small, Sha^e : they are £he« greatest ornaments of the 
British Islands : and the jove of a country life, which >s so strong a 
■ passiop* is chiefly owing to those precisions in,,our social system by 
which the head of family is secured in the possession and transmis- 
sion of his undivided estate, and therefore each generation takes 
pride and pleasure in'hdorning the home of its forefathers. 

Anim'als yield rfiorS readily to man’s influence than vegetables, 
and certain classes have greater flexibility of disposition and struc- 
ture than others. Those only are capable of being perfectly re- 
claimed that have a natural tendency for it, without which man’s 
endeavours would be unavailing. This predisposition is greatest in 
animals which are -gregarious and folloSv a leader, as elephants, 
dogs, horses, and* cattle do in their wild state ; yet e v ?n among these 
some species are refractory, as the buffalo, which can only be re- 
garded as half-reclaimed. The canine tribe, on the contrary, are 
capable of the greatest attachment; not the dog only, man’s 


1 Dr. Livingstone met with 12 new kteds of fruit during his journey in 
South Africa, but on account of the difference of climate they could only be 
available as hot-house fruits in this country. 
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faithful companion, *but even the wolf and the hyaena, generally 
so ferocious* After an absence of many .months a hyaena, whigh 
had bden the fellow-passenger of a friend of the author’s in 
a voyage from India, recognised his voice before he came in sight, 
and on seeing hip showed the greatest joy, lay down like a 
dog, and licked his hands. He had been kind to it on the voyage, 
and no animal forgets bjndness, which is the surest way of reclaim- 
ing them. There cannot be a greater mistake than the harsh and 
cruel means by which dogs and horses are too commonly trained ; 
but it is long before man learns that his power is mental, and that 
it is intellect alone that has given him dominion over the earth and 
its inhabitants, of which so many far surpass tfim^tn physical 
strength. The useful animals were reclaimed by the early inhabit- 
ants of Asia, and it is very remarkable, notwithstanding the enter- 
prise and activity of the present times, that among the multitudes 
of animals that inhabit America, Central and Southern Africa, Aus- 
tralia, and the Indian Archipelago, 4 only have been domesticated, 
yet many may be capable of becoming useful to man . Of 35 species of 
which we possess one or more domestic races, 31 are natives of Asia,. 
Europe, and North Africa ; these countries are far from being ex- 
liausted^jyid an entire hemisphere is yet bht very partially explored. 
An at temp? has been made to domesticate the Llama, the Dziggetai, 
Zebra, and some species of Indiau^leer, but the success is very pro- 
blematical or the attempt hasjpot been followed up. Little has been 
left for modem nations but*tttf improvement of .the species, and in 
that* they have been very successful. The variety of hordes, dogs, 
cattle, and sheep is .beyond nflmber. The form fc colour, and even 
the disposition, may be materially altered, and~the* habits engrafted 
are tpnsmitted to the offspring,?^ instinctive properties independent 
of education. Domestic fowls go in flocks oi^hejr native meads 
when wild. There are, however, instances of solitary birds being 
tamed to an extraordinary degree, as the raven, ^ne of the mostisa^h- 
cious. *• • 

Man’s necessities' and .enjoyments have been tli*e cause of great 
changes.in the animal creation, and his destructive propensity of %tfll 
greater. Animals are intended for our use, and fieid -sports are advan- 
tageous by encouraging a daring and active spirit in young men ; but 
the utter destruction of some races, in order to protect those destined 
for his pleasure, is too selfish, and cruelty is unpardonable : but the 
ignorant are often cruel. A farmer sees the rooks pecking a little of 
his grain, or digging at the roots of the springing corn, and poisons 
all in his neighbourhood. A few years after he is surprised to find 
his crop destroyed by ‘grubs. The works of the Creator are nicely 
balanced, and man cannot infringe His laws with impunity. Insects 
would become torments were they not kept in check by birds. 
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Animals soon acquire a dread of man, which becomes instinctive and 
hereditary ; in newly-disoovered uninhabited countries birds and beasts 
are so tame as to allow themselves to be caught; whales scarcely 
got out of the way of the ships that first navigated the Arctic Ocean, 
but now they universally have a dread of th$ common enemy : 
whales and seals have been extirpated in various places : sea-fowl 
and birds of passage are not likely to be extinguished, but many land 
animals and birds are disappearing before the advance of civilization. 
Drainage, cultivation, cutting down of forests, and even the intro- 
duction of nrw plants and animals, destroy some of the old and alter 
the relations betweefi those that remain. The inaccessible cliffs of 
the Himalaya and Andes will afford a refuge to the eagle and condor, 
but the time will come when the mighty forests of Bhotan, of the 
Amazon and Orinoco, will' disappear with the myriads of their 
joyous inhabitants. The lion, the tiger, and the elephant will be 
known only by ancient records. Man, the lord of the creation, will 
extirpate these noble creatures of the earth ; but he himself will 
be the slave of the canker-worm and the fly. Cultivation may 
.lessen the scourge of the insect tribe, but God’s great army will ever, 
fromctime to time, appear suddenly— no one knows from whence ; 
the grub will take possesion of the ground, and the locust, -will come 
from the desert and destroy the fairest prospects of the husbandman. 

Though the unreclaimed jxjrtiou of the animal creation is falling 
before the progress of improvement^ yet man has been both the 
voluntary and the involuntary cause <Jf the introduction of new 
animals ,and plants into countries in which they wer© not natives. . 
The Spanish conquerors little thought that Abe descendants of the 
few cattle and hbrses they allowed to run wild would resume the 
original character of their species, and roam in hundreds of thousands 
over the great plains' of Sou£h America. Wherever man is located, 
he he civilized* or savage, “there also is the dog ; but he, too, has in 
some 'places resumed his native state and habits, and hunts in packs. 
Domestic animals, grain, Yruit, vegetables, and the weeds that grow 
with them, have been conveyed by colonists to all parts of the globe. 
Birds and insects follow certain plants into countries in which they 
were never seen before. Even the inhabitants of the waters change 
their abode in consequence of the influence of man. Fish, natives of 
the rivers on the coast of the Mexican Gulf, have migrated by the 
canals to. the heart of North America ; and the mytilus polymorphus, 
a shell-fish brought to the London Docks in the timbers of ships 
from the brackish waters of the Black Sea and its tributary 
streams, has spread into the interior of England by the Croydon and 
other canals communicating with the Thames. 

The influence of man on man is a power of the highest order, far 
surpassing that which he possesses over animate or inanimate nature. 
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It is, however, as a # oollective body that he exercises this influence 
over his fellow-creatures ; that of one man over another is often 
very great, \mt the influence of a mass of men is uniform and 
irresistible. The free-will of man, nay, even his most capricious 
passions, neutralise each other, when large numbers of men are 
considered. Professor Quetelet has shown that the greater the 
number of individuals, Whe more completely does the will of each, as 
well as all individual peculiarities, moral or physical, disappear,' and 
allow the series of general facts to predominate, which depend upon' 
the causes by which society exists and is preserved. The uniformity 
with which the number of marriages in Belgiufli occurred in twenty 
years places the neutralization of the free-will of this individual 
pan beyond a doubt, and is one of many instances of the importance 
of average quantities in arriving at general laws. 

Certainly no event in a man’s life depends more upon his free- 
will than his marriage ; yet it appears from the records in Brussels 
that nearly the same number of marriages take place every year in 
the towns as well as in the country ; and, moreover, that the same 
constancy prevails in each province, though the numbers of the' 
people are so small that accidental causey might be more liKfely to 
affect tht* general result than when the # n umbers art larger. In fact, 
the whole affair passes as if tHe inhabitants of Belgium .had agreed 
to contract nearly the same nunrAer of marriages annually at each 
stage of life. Young people fnay possibly be jn\some degree under 
the control of parents, but* there can be no festrftint bn the free will 
of* men of tffirty and women jf sixty ycifrs of age ; yet 4he same 
number of such incongruous marriages do annually take* place 
between men and women at those unsuitable ages — a fact which 
almost exceeds belief. The day*fixed for a weeding is of all things 
most entirely dependent on the will of the jaHiesj yet ev#n here 
there is a regularity in the annual recuribnce. 1 

With regard to crimes alsp, M. Quetelet observes that the' same 
number of crimes of the same description are coiqpitted annually, 
with remarkable uniformity, even in the case of those crimes whicli 
would seem most likely to baffle all attempt at prediction. The 
same regularity occurs in the sentences passe*d on criminals : in 
France, in every hundred trials there were sixty-one convictions 
regularly, year after year. 

Forgetfulness, as well as free-will, is under constant laws ; the 
number of undirected letters put into the post-office in London and 
in Paris is very nearly the same year after year respectively ; so 
that even the deviations from free-will prove the generality and 
the constancy of the laws that govern us. 


s 2 


1 See Appendix. 
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. Scientific discoveries and social combinations, which put in prac- 
tice great social principles, are not without a* decided influence ; but 
these causes of action, coming from man, are placed out of the 
sphere of the free-will of each ; so that individual impulse has less 
to do with the progress of mankind than is generally believed. 
When society has arrived at a certain point of advancement, cer- 
tain discoveries will naturally be made ; the general mind is directed 
that way, and if one individual does not hit upon the discovery an- 
other will. Therefore in the disputes and discussions of different 
nations for hhe honour of particular inventions or discoveries, as, 
for example, the steahi-engine, a narrow view of the subject is taken ; 
they properly belong to the age in which they are made, without 
derogating from the merits of those benefactors of mankind who 
have lessened his toil or increased his comfort by the efforts of their 
genius. The time had come for the invention of printing, and 
printing was invented ; and the same observation is applicable to 
many objects in the physical as well as to the moral world. In 
the present disturbed state of society the time is come for the ter- 
mination of the feudal system, which will be swept away by the 
force of public opinion ; individuality merges in these general Move- 
ments. « 

Although each individual is accouLtable to the Almighty for his 
conduct, it is evident that the gread laws which regulate mankind are 
altogether independent of man’s will, und that liberty of action is 
perfectly compatible with the general* design of Providence. “A 
more profound study of the social system will have the effect of 
limiting more and. more the sphere in which mean’s free-will is exer- 
cised, for the Supreme Being could not grant him a power which 
tends to overthrow t^Cr^awsL impressed on all the parts of creation : 
He has graced its limits, as he has fixed those of the ocean.” 

Man is eminently sociable ; he willingly gives up part of his free- 
will tb become a member of a social body ; and it is this portion of 
the individuality of each member of tfiat body, taken in the aggre- 
gate, which regulates in a measure the principal social movements 
of a hation. It may be greater or “less, good or bad, but it deter- 
mines the customs/ wants, and the national spirit of a people; it 
regulates the sum of their moral statistics ; and it is in that manner 
that the cultivation or savageness, the virtues or the vices, of indi- 
viduals have their influence. It is thus that private becomes the 
base of public morality. 

The more man advances in civilisation the greater will be his 
collective influence, for knowledge is power ; and at no time did 
the mental superiority of the cultivated races produce such changes 
*3 they do at present, because they have extended their influence 
to the uttermost parts of the earth by emigration, colonization; and 
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commerce. In civilised society the number of people in the course 
of time exceeds the means of sustenance, which compels some to 
emigrtite ; others are induced by a spirit of enterprise to go to new 
countries, some for the love of gain, others to fly from oppression. 

The discovery of the New World opened a wide field for emigra- 
tion. Spain and Portugal, the first to avail themselves of it, ac- 
quired dominion over some of the finest parts of South America, 
which they maintained Jill a change of circumstances rendered their 
colonies independent states ; and of all the vast colonial possessions 
of Spain nothing remains but Cuba, Porto Rico, a part of the Virgin 
Islands, and in the east the Philippines. LiberaJ opinioife have spread 
into the interior of that continent, in proportion to the facility of com- 
# munication with the cities on the coasts, from whence European ideas 
are disseminated. Of this, Chile is an instance, where civilisation 
and prosperity have advanced more rapidly than in the interior parts 
of South America, where the Andes are higher, and the distance 
from the sea greater. Civilisation has been impeded in many of 
the smaller states by war, and those broils inevitable- among people 
unaccustomed to free institutions. Brazil woufd have been further 
advanced but for slavery, that stain on the human race, which cor- 
rupts master as much as it debases the slave. 

Some of the native Sou th # American tribes h*ave spontaneously 
made considerable progress in civilisation in modern times ; others 
have benefited by the Spanish and Portuguese ^olonists ; and many 
•have b£en brought into «u Ejection by tfye tTesuits, who have in- 
qtfticted them in some of the arts of soc ^.1 life. But these Indians 
are not more religiyys than tlieir neighbours, and, from thfc restraint, 
to which they have been subject, have lost t-jgour of* character 
without improving in intellect ; so that now they are either sta- 
tionary or retrograde. Extensive regions are* still the abode of men 
in the lowest state of barbarism : som^ df fh?*triBgs inhabiting the 
silvas of the Orinoco, Amazons, and Uruguay are cannibals.^ • 

The arrival of the colonfeis in North America sealed the fate of 
the red men. The inhabitants of the Union, too late awakejjedto 
the just claims of the ancient proprietors of the land, have recently, 
but vainly, attempted to*save the remnant. ,The white man, like 
an irresistible torrent, has already passed the centre of the continent ; 
and the native tribes now retreat towards the far west, and will 
continue to retreat till the Pacific Ocean arrests them, and the 
animals on their hunting-grounds are exterminated. The almost 
universal dislike the Indian has shown for the arts of peace has 
been one of the principal causes of his decline, although the Che- 
rokee tribe, which has migrated to the west of the Mississippi, is a 
remarkable exception ; the greater number of them are industrious 
planters or mechanics ; they have a republican government, add 
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publish a newspaper in their own language, in a character invented 
by one of that nation. 

No part of the world has been the scene of greater iniquity 
than the West India islands — and that perpetrated by the most 
enlightened nations of Europe. The native race has long been 
swept away by the stranger, and a new people, cruelly torn from 
their homes, have been made the slaves of hard taskmasters. If 
the odious participation in this guilt has beyff a stain on the British 
name, the abolition of slavery by the universal 'acclamation of the 
nation will ever form one of the brightest pages in our history ; 
nor will it 1*3 the le^s so when it is considered that Justice was 
combined with piercy, by the millions of money granted to in- 
demnify the proprietors. It is deeply to be lamented that our 
brethren on the other side of the Atlantic have not followed the 
example of their fatherland ; but in limited monarchies the voice 
of the people is listened to, while republican governments are more 
apt to become its slavef. Unfortunately, the Northern States have 
revoked a law by which they had nobly declared every man free 
who set his foot oif their territory ; but the time will come when 
the Union will sacrifice interest to justice and mercy, though it 
now appears to be distant. , f e 

It has been tn/iy said that* the sun never sets upon the English- 
language, so numerous are our colonies ; lienee neither does he ever 
set on the Christian religion ; and finis a great and solemn respon- 
sibility is imposed df>o:i the British nation, to instruct the natives of* 
those distant lands In ttfat faith without which civilisation canhot 
exist. The discovery of steam navigation has been granted to the 
Christian c world for the very purpose of spreaefing the Gospel and 
civilisation to the farthest ends of the earth. To the missionaries 
the greatest honour if due Who have laboured in the good cause 
under cv^.ry difficult#’ stud daftger ; the seed sown by them will be 
reaped after many days. * 

It seems to be the design of Providence to supplant the savage 
by civilised man <?n the continent of Australia, as well as in North 
AVfi&rica, though every effort has been made to prevent the extinc- 
tion of the natives. Most of the tribes on the eastern side of the 
continent are nearly as low in the scale of mankind as the cannibal 
Fuegians, whom Admiral Fitzroy so benevolently, but so ineffectually, 
attempted to reclaim. They have hitherto resisted the endeavours 
of the missionaries to instruct them, while those on the western 
side are intelligent and honest, and make faithful servants to the 
colonists. The restraint, however, is often irksome, and they re- 
turn to their former habits, though truly miserable in a country 
where the means of subsistence are so scanty. Animals anchbirds are 
very scarce, and there is no fruit or vegetable for the sustenance of man. 
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The success of the missionaries in New Zealand has been very 
great ; only a few years ago it was dangerous to land on these 
islands, but* since the establishment of. our colonists there nume- 
rous missions have been formed ; and, besides the English mission- 
aries, iii the year 1850 there were 235 native preachers, 851 native 
schoolmasters in two of the islands, and in the third nearly all the 
aboriginal inhabitants could read and write. 

The British have n? colonics in Polynesia, but have considerable 
influence on the Inhabitants by means of their missionaries and 
agents, who pay great attention to the education of the young. In the 
group of the Friendly, Fegee, and Navigator Islands, in the year 
1852 there were 13,176 native children in the missionaries’ schools. 
English missionaries had completely converted the inhabitants of 
^Tahiti ; those in the islands around imitated, their example in em- 
bracing Christianity ; while those from the United States had equal 
success in the Sandwich Islands, in which a constitutional govern- 
ment and higher grade of education were established ; and very 
great progress had been made in both when the French assumed 
the dictatorship of Tahiti, and put a stop 'to improvement in 
that hitherto happy island. 

Ind^has an area of 1,465,322 squaft rpiles, or more than 26 times 
that of England and Wales, with a, population '‘of 180,884,297, or 
nearly equal to onc-sixth part of the whole human race. Of these 
105 millions are natives, about j?0 millions are;Arabs and Persians, 
one million are the descendants of the ancient Portuguese settlers, 
anft 80,000 ^.re Europeans, c/iiefly British.' ' 1 

When the traces of the fearful insurrection whiph ha* desolated 
a great portion of the country have been effaced, it will he tirfpossible 
to ascribe limits to the resources of this vast empire when properly 
developed by British enterprise,' with the aid ?f railways and steam- 
navigation. Caste is the great impediment the introduction of 
Christianity, and Mahomedanism is as impenetrahle^as caste. There 
is much more hope of the* Ravages in t,he interior of AfricS, where 
slavery has been more hostile to improvement thqp the physical dis- 
advantages of the country, the great arid deserts, and the lurWMfe- 
some coasts. A spontaneous civilisation has arisen in various parts 
Of the low lands of Central Africa, in which* there has been consi- 
derable progress in agriculture and commerce ; ’but civilised man 
has been a scourge both on the eastern and western coasts by the 
encouragement he has given to warfare among the natives for the 
capture of slaves, and for the introduction of European vices un- 
redeemed by Christian virtues. 

The British colony at the Cape of Good Hope has had considerable 
influence on the neighbouring rude nations, who now begin to adopt 
more civilised habits. When Mr. Somerville visited Litako, 4n 
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1802, the natives for the first time saw a white person and a horse, 
and were scantily clothed with skins. When Dr. Smith saw them 
twenty years afterwards, the chief men were mounted <an horseback, 
wearing hats made of rushes, and an attempt* made to* imitate Euro- 
pean dress. Missionaries have gone farther by that very path, and 
latterly Dt. Livingstone and his companions have crossed the vgry 
centre of the table-land of South Africa, from sea to sea, a country rich 
in all the necessaries and evtfn luxuries of lifidj and inhabited by agri- 
cultural and pastoral nations, who, though savage, have been lo^g 
desirous of intercourse with “ the nation that gloves the black man.** 
Among these*he has opened a way for the introduction of Christianity 
and the abolition, of slavery, and has already persuaded one tribe to do 
so. Considerable success has been attained along the western coast 
from Sierra Leone to beyond the equator, a distance of 2600 miles,' 
ill which the slave-trade has at least been nominally extirpated. 
And as the Portuguese government have promised to abolish it in 
their corrupt settlements in Angola and Benguela, the whole of 
South Africa will be open to the teachers of Christianity, whose 
hope is to make usfe of the vegetable and mineral wealth of their 
country in, a legitimate commerce, instead of that of their fellow 
creaturfes ; indeed it seeing t& be the only hope for the abolition 
of that odious traffic, which cap no lonpr be looked for atfSong white 
men, since, notwithstanding the vigilance of the French and English 
cruisers, ten thousand slaves are amiually introduced into the island 
of Cuba alone. 1 t ‘ , 

The French are zfealous in improving the people in Algiers, rfnd 
great success hq^ attended their efforts ; but the wandering habits 
of the Arab, and the constant warfare in which* they have been em- 
broiled ever since the conquest, must render their complete success 
in civilising the nativon At least remote. The inhabitants of those 
extensive* and magnificent? countries in the eastern seas that have 
long been colonised by the* Dutch have made but little progress 
under their rule. , 

All the causes of emigration nave operated by turns on the inha- 
bitants of Britain, and various circumstances have concurred to make 
their colonies permanent. In North America, that which not many 
years ago was a Briiish colony has become a great independei^ 
nation, occupying a large portion of the continent. The Australian 
continent and New Zealand are peopled by British races, and will 
become centres of civilization, which will spread their influence to the 
uttermost islands of the Pacific. These splendid islands, possessing 
every advantage of climate and soil, with a population in many parts 
far advanced in the arts of civilized life, industry, and commerce, 
will in time come in for- a share of the general improvement, as 
sotge have already done. The success that has attended the noble 
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efforts of Sir J. Brooke in Borneo shows how much the influence 
of an active jtnd benevolent mind can in ar short time effect. 

Commerce has not less influence oil mankind than colonization, 
with which it is intimately connected ; and the narrow limits of the 
British Islands hate rendered it necessary for its inhabitants to exert 
their industry. The riches of our mines in coal and metals, which 
produced a yearly incorae^f 38,346,793/. in 1856, is a principal cause 
of our manufacturing and commercial wealth ; but even with these 
natural advantages, more is due to our industry and enterprise, 
and to our high character for faith and honoiir. 

Eveiy country has its own peculiar productions, and by an unre- 
strained interchange of the gifts of Providence the condition of all 
h improved. The exclusive jealousy with which commerce has 
hitherto been fettered shows the length of time that is necessary to 
wear out the effects of those selfish passions which separated nations 
•when they were yet barbarous. It required a high degree of culti- 
vation to break down those barriers consecrated by their antiquity f 
and the accomplishment of. this important change evinces the rate at 
which the present age is advancing. 

A new era in the history of the world began when China was 
opened European intercourse ; but # many years must pass before 
European influence can penetrate that vast empire, and eradicate 
those illiberal prejudices by whfth it has so long been governed. 
The same may be said of the ^empire of Japan,. w^th which European 
nations have formed alliances*of late years.* • • 

'Two important triumphs yej remain to to achieved ovea physical 
difficulties by the sdiftnoe and energy of man, namely, the*junotion * 
by ship-canals of the Pacific *and Atlantic OceanS at the American 
isthmus, and the union of the ited Sea with |he Mediterranean at 
that of Suez. Should these be one day accomplished, the expecta- 
tions of Columbus of a passage to the Bast Indies by the Atlantic 
would be realized ; and Gpnoa, Venice, and the other maritime 
cities of Southern Europe, might regain, though to a less extent, the 
commercial position which they held before the great discovWjNrf 
Vasco da Gama. One of th$se plans of junction has been anticipated 
by a railway ; that of Panama, together with tin? treasures abounding 
in*the auriferous districts of California, have caused a complete revo- 
lution in the affairs of the New World, and a country, hitherto so 
far separated from the rest of the globe and so little known, has 
become a new centre of commerce, whose influence wjjl be diffused 
over the wide Pacific to the shores of the eastern continent. The 
Panama railway leads the view to the future in a country where all 
is new, while that from Alexandria to Cairo has made names, con- 
secrated by sacred history, familiar to our ears, and carries ou* 
thoughts back to the earliest records of the human race. The transit 
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of our steamers through the Red Sea and their stations at Suez and 
Aden will, at no very distant period, have an inflijpnce en the 
savage, tribes around ; and Egypt of old, now become a thorough- 
fare, may again rise in the scale of nations. 

The advantages of colonization and commerce \o the less civilized 
part of the worl£ are incalculable, as well as to those at home, not 
only by furnishing an exchange for manufltcGiires, important as this 
is, but by the immense accession of knowledge of the earth and its 
inhabitants that has been thus attained. 

The history of former ages exhibits nothing to bo compared with 
the mental activity of the present. Steam, which annihilates time 
and space, fills mankind with schemes for advantage or defence : but 
however mercenary the motives for enterprise may be, it is instru- 
mental in bringing nations together. The facility of communication 
is rapidly assimilating national character. Society in most of the 
capitals is formed on ‘the same model ; and as the study of modern* 
languages is now considered a part of liberal education, and every 
well-educated person speaks some foreign tongue, one of the great 
harriers to the assimilation of character amongst nations will be 
remold. # 1 

Science has never been so^cxtcnsively and so successfulfy culti- 
vated as at the present time : the collective wisdom and experience 
of Europe and the -United States df America is now brought to bear 
on subjects of the highest importance, •in .annual meetings, where the 
common pursuit of trifth is as beneficial to the moral as tothc 
intellectual character, anfi the noble objects of investigation are ho 
longercflnfined tooa philosophic few, but are becoming widely dif- 
fused among all tanks of society, and the most enlightened govern- 
ments have given tljefc support tor measures that could not have 
been otherwise accofii pliahedv 1 Accurate maps have been published 

« c 

, ' In* bringing to a dose a work which m^y in some measure be considered 
n kind of liesumtf of Natural* Knowledge,* it may not be either out of place 
^r irrelevant to our subject, to allude more particularly to the encourage- 
ment; of late years granted to scientific investigation by our own Government. 

It must be confessed that Great Britain for ajong time^ remained behind the 
nations of the continent in aiding scientific enterprise and research ; and if 
England has rivalled in most branches of natural knowledge, and surpassed in 
some, every other people, it has arisen more from individual exertion, and that 
spirit of association which forms so happy a characteristic of our race, and 
which has in our political institutions so mainly cpntributed to our national 
greatness and prosperity, than from any direct encouragement from our rulers. 
Whilst France and other continental nations were endowing the votaries of 
science, were lavishing money on scientific expeditions, and founding institu- 
tions which will hand down the names of their sovereigns to posterity as the 
benefactors of mankind, England had done little in the same track beyond 
•fitting out the memorable expeditions of Cook, and subsequently those of Van- 
couver and Flinders, and the support granted to our great national Observatory, 
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of countries that were unknown to our forefathers. Charts of the 
great qpeans^and their currents, shoals,, and coasts, are daily dimi- 

which, under the direction of Bradley, Maskelyne, Pond, and Airy, has attained 
a degree of celebrity unequalled by any Astronomical Institution in ancient or 
modern times^ 

The conclusion of a long war, in opening the scientific repositories of the 
continent to our countrymqji, showed us how much our great institutions, with 
the above solitary exception, <*v ere behindhand, not only in extent and utility, 
but in the liberality with which they were conducted. Posting as we did 
the most ample means, from our immense colonial possessions and our widely 
extended commerce, to add to the stock of our knowledge in mitural history, 
our public collections were infinitely behind those of Hie great states of the 
continent, and scarcely on a par with those of the sovereigns of a second and 
even third rate importance. A better system was loudly called for, and a 
better system has been adopted. Our great national repository, the British 
Museum, has in a few years, thanks to the liberality of Parliament and the 
exertions of its trustees and officers, become equal in every respect, and supe- 
rior ill many, to any similar institution on the continent. Two establishments 
have been created within the last dozen of years which reflect the greatest 
honour on the statesmen who encouraged them in their infancy, and on the 
talented individuals who were selected to carry out thh enlighteued views of 
the Government— the Museum of Practical Geology, a designation that con- 
veys a very inadequate idea of the extent of its attributes or of its utility, and 
the Royal* Botanic Gardens at Kew. To the Arst the Public is already in- 
debted for a* geological survey and^mnp of the empire such as never had been 
planned or executed in any other country — only a small instalment, however, 
of great services which tjje nation and*geological science are likely to derive 
from the labours of the late Sir H*Delabeche, and his en^nent successor. Sir R. 
M urchison. The Royal Gardens' at Kew, under the direction of Sir W. .1. Hooker, 
occupy now undoubtedly the first place amongst jthe most celebrated establish- 
ments of the kind in any countiy : jiever was public money batter bdfetowed, or 
in a way to convey morcuseful instruction and gratification to the £re?lt mass 
of the community. Whilst every German university had fts Museum of Com- 
parative Anatomy, when the government of ^evolutionary France had placed 
at the disposal of Cuvier ample means to lay the basijof that science of which 
he was to be considered the founder, an eminent Lbnc&m burgeon, Johtf Hunter, 
animated by the love of science alone, and uWded by his\3overnment, was 
rendering a similar service to Grgat Britain, in laying the foundation ^f tn^t 
Museum which so justly bears nil honoured nfime. Thanks to the liberality 
of t^e Government, and to the well-judged appreciation of the Royal 
of Surgeons, the Hunterian Collection has become the property of the iyition, 
and has received such addition#? and ameliorations as not to be behind any of 
those of the continent ; whilst in point of arrangement* of facilities granted for 
study, and real practical utility, it infinitely surpasses them all. To it we 
principally are indebted for the introduction of the study of comparative 
anatomy into this country, and for the possession of one of its greatest modern 
expositors, Professor Owen. 

It may appear invidious, at a time when every department x>f our Govern- 
ment is showing itself so desirous of promoting the cause of science, to point to 
any in particular: still we cannot refrain from making special mention of one 
to which science in general, and more particularly that branch of it which 
forms the principal object of this work, and our best national interests owe a 
lasting cH?bt of gratitude — the Hydrographic department of the Admiralty 
has attained a degree of eminence unequalled by that of any other maritime 
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nishmg.the perils of navigation, and the bed of the ocean itself is 
better known in the nineteenth century than many extensivc^coun- 

CQUntry. The Lords of the Admiralty have profited by a long jieriod of 
tranquillity to extend our knowledge over almost eve*y region of the globe, 
conferring thereby an immense service on geographical science, and placing 
in the hands of our Royal and Commercial marine a collection of charts and 
nautical instructions unparalleled in the history of Navigation for their extent 
and exactitude. Another branch of inquiry, closely connected with Hydro- 
graphy and Navigation, which it required the encouragement of a government 
to institute, th^ investigation of the laws of terrestrial magnetism and meteoro- 
logy, has been very libeivdly provided for by Parliament, and most ably carried 
out, under the direction of General Sabine, by the establishment of special 
observatories in our widely extended colonies, and by the publication and distri- 
bution of their results ; whilst in a more practical point of view, the magnetic 
department at thfe Hydrographic Office, and the meteorological one of the 
Marine Department at the Board of Trade, deserve to be mentioned with 
special praise. 

The several maritime* expeditions undertaken since tTie peace in a purely 
scientific view reflect the highest credit on the departments of the Government 
with which they have*.originnted, as they do on the eminent individuals, many 
of whom still live to enjoy their well- merited fame, who have carried out 
their country's wishes. The names of Parry, Franklin, Back, James Ross, 
Klohardlson, Austen, Kellett, follinson, M'Clure, Kane, and Bellott^ will be 
preserved in the ntomory of posterity long after the ephemeral glory of 
tl*gii\ professional career will have been forgotten. 

Although it is to the projectors of sugh an altered state of tilings, and to the 
statesmen who encouraged and brought it qbout, that our first acknowledg- 
ment is due, our thariScs must be also expressed »to that branch of the legisla- 
ture which, holdihg, tif it rightly does, the public purse, has so liberally cfcme 
forward upon every occasion, 1 when solicited, in granting the means to promote 
scientific enterprise. The votary of science therefore* owes to . the House of 
Commons the expression of his unmingled gratitude. 

But, in paying that just tribute to the Ministers of the Crown and to Par- 
liament, we must not p^s-Over fli silence* the encouragement which science has 
iq every ^department from the East India Company. Lords of an 

immense territory, the Court «f Directors, and its servants in India, have 
aiways.shown themselves ready to contribute in a mo& liberal spirit to the 
extension of our knowledge of their widely. Extended empire. The trigono- 
metrical surveys of t India, the establishment of observatories, the endowment 
fltfRfcleges and of scientific societies, the formation of collections of nafural 
histoty at great expense, and which it distributes to all those who are likely 
to make good use of them, the publication of works on physical researches, on 
natural history, of astronomical observations, bestowed with so liberal a hand 
on men of science, the formation of such a map of its extended dominions and 
of charts of its coasts as would do honour to any government, must place the 
East India Company in the first rank of those sovereigns to whom science will 
both now and in after ages feel placed under the most lasting obligations. 

Connected with our Oriental empire, it is due to some of the native 
sovereigns of India to state that they have not been behindhand in imitating 
the liberal example of their powerful protectors. The Rajah of Travancore 
has at great expense established an astronomical observatory in his territory, 
furnished with European instruments of the most delicate construction, and 
placed uneferthe direction of European officers amply endowed and provided 
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tries were in the fifteenth. Simultaneous observations are made 
at mqperotw places in both hemispheres oh atmospheric electricity, 
magnetism, on the tides, and currents of the air and the ocean, and 
those mysterious vicissitudes of temperature and moisture which 
bless the labours 'bf the husbandman one year, and blight them in 
another. On earth, though separated for thousands of miles by a 
deep and mighty ocean, that invisible messenger, electricity, in- 
stantaneously convoys the thoughts of the invisible spirit of man 
to man — results of science sublimely transcendental. 

The places of the nebulas and fixed st^rs, ‘ and their ^motions, are 
known with unexampled precision, and the most^ refined analyses 
embrace the most varied objects. Four new satellites and fifty 
now planets have been discovered within twelve years, and one of 
these under circumstances unprecedented. In the far heavens, 
fvom disturbances in the motions of Uranus which could not be 
satisfactorily accounted for, an unknown and unseen body was 
declared to be revolving on the utmost veTge of the solar system ; 
and it was found by observation in the regibn of the heavens 
pointed out by mathematical analysis . 1 

Vain would be the attempt to enumerate the improvements in 
machirfety*and mechanics, the canal^ and railroaris that have been 
made, the harbours that have been improved, the land that has been 
drained, the bridges th&t have betn constructed ^ and now, although 
Britain is inferior to none jn »many branches of engineering, and su- 
perior to all in some, one of outmost distinguished engineers 2 declares 
that we are Scarcely beyond thg threshold fn improvement. *To stand 
still is to retrograde f human ingenuity will always keep pafce with 
the unforeseen, the increasing wants of the age. “*Who knows what 
may yet be in store for our use ; what new* discovery may again 
change the tide of human affairs ; what hi<M&i treasures *jiay yet 

i * 

for. The peninsula 6f India at the present moment possesses four AstroV\o- 
mical observatories little behind Ahose of Europe as regards the means Af 
observation. > » 

1 The discovery of Neptune, the planet alluded to, has been claimed by 
two eminent mathematicians of England and France, Mr. Adams, of St. John's 
College, Cambridge, and M. £everrier, the present director* of the Imperial 
Observatory at Paris. There is now, however, little doubt as to our country- 
man's prior claim, having communicated the result of his calculations to several 
astronomers in England as early as October, 1845, whereas M. Leverrier’s 
first notice dates from the June following ; it was however from the publicity 
given to the latter, that M. Galle, of the Berlin Observatory, vjras led to 
search for the planet, and to discover it in the heavens, on the 23rd September, 
1846. Subsequent researches have shown that Mr. Adams’s calculations 
represent with greater accuracy the observed positions of the newly-discovered 
body than those of the imperial astronomer of France, and that more confidence 
is due to the researches of the modest mathematician of Cambridge than to 
those of his more highly recompensed French rival. 
k 9 Sir John Bennie. 
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be brought to light in the air or in the ocean, of which we know so 
little 5 or what virtues there may be in the herbs of the fieljl, and 
in the treasures of the earth — how far its lydden fires, or stores of 
ice, may yet become available ? ages can never exhaust the treasures 
of nature or the talent of man .” 1 It would be difficult to follow the 
rapid course of discovery through the complicated mazes of magnet- 
ism and electricity ; the action of the clectrit current on the polav- 
ized sunbeam, one of the most beautiful* of modern discoveries, 
leading to relations hitherto unsuspected between that power and the 
complex assemblage of Visible and invisible influences in solar light, 
by one of which ^.natifre has been made to paint her own likeness, 
and which will transmit to future generations a permanent memorial 
of the nineteenth century, and, by arresting the fleeting circum-* 
stances and events of the moment, will show better than words the 
manners and customs of the age. It is impossible to convey an idea 
of the rapid succession of the varied aud curioitS results of che- 
mistry, and its application to physiology and agriculture ; moreover, 
distinguished worker have lately been published at home and abroad 
on the science of mind, which has been so successfully cultivated 
in our own country. Geography has assumed a new character, by 
that unwearied search for accurate knowledge and truth Jhfitf marks 
the present age and the physical geography of the earth and ocean ; 
are altogether new sciences. 

The spirit of nav^cpl and geographical discovery, begun in the 
15tb century, by those illustrious navigators who had a new w^rld 
to discover, is at this day as energetic as ever, though the results 
‘ are lessr brilliant. .Neither the long gloomy night of a polar winter, 
nor the danger of* the ice and the storm, deter our gallant seamen 
from seeking a better* aoquaintance '-with “ this ball of earth,” even 
under ijs most /rownjpgo aspect ; and that, for honour, and, fora 
still higher motive, the recovery of lost companions. The French, 
Rpssiafts, and especially the Americans, have ha 3 their full share in 
tviese bold and generous adventures. The scorching sun and deadly 
^rt&s'ps of the tropics as little prevent the traveller from collecting 
the ahimals and plants of the present creation, or the geologist from 
investigating those 6 f ages long gone by. Man daily indicates his 
birthright as lord of the creation, and compels every land and sea 
to contribute to bis knowledge. 

The most distinguished modem travellers, following the noble 
example of Alexander von Humboldt, the patriarch of physical geogra- 
phy, take a more extended view of the subject than the earth and 
its animal and vegetable inhabitants afford, and include in their re- 
searches the past and present condition of man, the origin, manners, 
■>. ■ 

1 Charles Babbage, Esq. « 
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and languages ctf existing nations, and the monuments of those that 
have freen. # Geography has had its dark ages, during which the 
situation of many great cities and spots of celebrity in sacked and 
profane chistory had been entirely lost sight of, which are now dis- 
covered by the leaftiing and assiduity of the modem traveller. Of 
this, Italy, Egypt, the Holy Land, Asia Minor, Arabia, and the 
valleys of the Euphrates' and Tigris, with the adjacent mountains of 
Persia, are remarkable instances, not to mention the vast region of 
the East, and the remote centres of aboriginal civilization in the New 
World. The celebrated discoveries of a Mr! Layard, who possesses 
every acquirement that could render a traveller competent to accom- 
plish so arduous an undertaking, have brought to light the long 
hidden treasures of the ancient Nineveh, where its own peculiar 
style of art had existed anterior to that of Egypt. In many parts of 
the world the ruins of cities of extraordinary magnitude and archi- 
tecture show that there are wide regions of whose original inhabit- 
ants we know nothing. The Andes of Peru and Mexico have remains 
of civilized nations before the age of the Incas? Mr. Pentland has 
found numerous remains of Peruvian monuments in every part of 
the great valley of the Pem-Bolivian Andes, and many parti* of the 
imperial 4 capital Cusco little change^ from whafr they were at the 
downfall of the last Inca, AtaRualpa. Mr. Stephens has discovered 
in the woods of Cental Americf the ruins of ^reat cities, adorned 
with sculpture and pictojiak writings, vestiges ©fa people far ad- 
vanced, who had once cultfVated the soit whfere these entangled 
fdrests now*grow. Picture-writings haite been discovered by Sir . 
Robert Schomburgk?fln rocks in Guiana, similar to those found in -the * 
United States and in Siberia. Magnificent buildings still exist in 
good preservation all over eastern Asia^and* m*ny in a ruinous state 
belong to a period far beyond written ieco»d^ 

Ancient literature bas furnished a subject of still ftiore interesting 
research, from which it is ©valent that the mind of man is essdntia\W 
the same under very different circumstances : every nation faj 
advanced in civilization has had its age of poetry, the drama, W-’ 
mance, and philosophy, gach stamped with, the character of tha 
people and times, and still more with their religious belief. Our 
profound Oriental scholars have made known to Europeans the 
refined Sanscrit literature of Hindostan, its schools of philosophy and 
astronomy, its dramatic writings and poetry, which are original and 
beautiful, and to these the learned in Greece and Italy have con- 
tributed. 

The riches of Chinese literature and their valuable geography were 
first made known to Europe by the French Jesuits in the last cen- 
tury, and followed up with success by the French and English philo > 
logistsof the present: .to France we also owe much of our know- 
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' jp^ptarjr anit : literature of Teriria ; and from the time 
deciphered the Inscriptions on the Rosetta £tone, 
Egyptian jbierc^yphica and picture-writing have been studied by 
the learned of Seance, England, and Italy. The Germany again, 
have left few {subjects of ancient literature unexplored, even to the 
language written at Babylon and Nineveh — the most successful 
attempt to decipher which is due, .howevef, to two distinguished 
countrymen of our own, Colonel Rawlinson and Dr. Hicks. The 
most ancient forms of t writing are supposed to be the Himyaritic 
lately discovered in j^rabia* and that of the Phoenicians, which is the 
origin of all the^phabets of ancient and modern Europe, and pro- 
bably the form of letters in which the sacred Scriptures were 
written, 1 • 

The press has overflowed of late years with an unprecedented 
quantity of literature, some of standard merit, and much more 
that is ephemeral, suited to all ranks, on every subject, with the 
aim, in our own country at least, to improve the people, and to ad- 
vocate the cause of Morality and virtue. All this mental energy is 
but an effect of those laws which regulate human affairs, and include 
in theif generality the various changes that tend to improve the 
condition of man.* f • JJ* 

The fine arts do not keep pace with*science, though theySjye not 
been altogether left Jx)hind. Paining, like pp^ry, must qgOTppon- 
taneously, because Ki feeling for it depetfdq upon innate sympatmfcs in 
the human breast. * Nothing external ‘could affect us, unless tkere 
were corresponding ideas within ; poetically constituted minds of tKe 
highest* drganizaticn are most deeply impressed with whatever is 
excellent. All are not gifted with a strong perception of the beauti- 
ful, in the same way «aa *somfe persofls cannot see certain colours, or 
hear certain sounds. ''Chose "elevated sentiments which constitute 
genius are given to few; Jret something akin, though inferior in 
degree,* exists in most men. Consequently, though culture may not 
Jnsnig? genius, it cherishes and calls forth the natural perception of 
whatsis good and beautiful, and by that means improves the tone of 
the national mind, and forms a counterpoise to the all-absorbing 
useful aud commercial. 

Historical painting is successfully cultivated both in France and 
Germany. The Germans have modelled their school on the style 
of the very ancient masters. They have become their rivals in 
richness and beauty of colouring, and are not surpassed in vivid- 
ness of imagination, nor in variety and sublimity of composition, 
which is poetry of the highest order embodied. Soulpture and 
architecture are also marked by that elevated and pure taste which 


1 Prichard, 
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distinguishes their other works of art. French artists, follow ing in. 
the same steps, have produced historical works of great merit. 
JPicturdl repmsenting scenes of domestic life have been painted 
with much expression and beauty by our own artists ; and British 
landscapes are not .mere portraits of nature, but pictures of high 
poetical feeling. The encouragement given to this branch of art 
#1 home may be ascribe^ to the taste for a country life, so general 
in England. Watej-colomr painting, which is entirely of British 
growth, has now become a favourite style in every country, and 
has been brought to a high degree of perfection in our c#m. 

The Italians have had the merit of restdHng sculpture to the pure 
style which it had lost, and to that gifted people \0e are indebted 
for the noblest specimens of art, in painting, architecture, and 
sculpture. 

The Opera, one of the most refined of theatrical amusements in 
every capital city of Europe, displays the excellence and power of 
Italian melody, which has been transmitted from age to age by a 
succession of great composers. German music,# partaking of the 
learned character of the nation, is rich in original harmony, which 
requires a cultivated taste to understand and appreciate. • 

Italy is#the only country that has had "two po^ical eras of the 
highest order ; and, great as th^Latin period was, that of Dante was 
more original and sublime. Th% Germans, so .eminent in every 
branch of literature, ha!Vb alsq been great as gdbts ; the power of 
Goethe’s genius will render his#poems as permanent as the language 
in w®i°h they^ire written. France can claiw#great poets of % serious 
cast, yet the language gnd the habits of the peoplg a/e mors suited 
to the gay than the grave style. Though the British may have been 
inferior to other nations in some bran ghes 0 pf the fine arts, yet 
poetry, immeasurably the greatest and^mqpt noble^ redeems, and 
more % than redeems us. The nation that produced 4he poetry of 
Chaucer, Spenser, Shakspeare, and Milton, with all the brilliant fcraifl- 
down nearly to the present tfine, must ^er h.old a distinguished* 
place as an imaginative people. Shakspeare alone Vould stadlfr? 
language with immortality. The British novels stand high ambng 
works of imagination, and they have generally* had the merit of 
advancing the cause of morality. Had French novelists attended 
more to this, their knowledge of the human heart and the brilliancy 
of their composition would have been better appreciated. 

Poetry of the highest stamp has fled; before the utilitarian spirit of 
the age ; yet there is as much talent in the world, and imagination 
too, at the present time, as at any former period, though directed to 
different andinore important objects, because the whole aspect of the 
moral world is altered. The period # is come for one of those im- 
portant changes in the minds of men which occur from time to 
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time, and form great epochs in the history of the human race. The 
whole of civilized Europe could not have been roused to the en- 
thusiasm which led them to embark in the Crusades by^tfie preaching 
of Peter the Hermit, unle&s the people had been prepared for it ; and 
men were ready for the Reformation before the^ impulse Was given 
by Luther. Emigration is another of those sudden impulses which, 
seizing upon the nations of Europe, and especially our own, has in- 
duced civilized men to seek a distant home, and unconsciously to 
fulfil the counsels of Providence by spreading Christianity to the 
farthest encfs of the earth, because the time was come for doing so. 
These are the barometric storms of the human mind. 

The present State of transition has been imperceptibly in progress, 
aided by many«concurring circumstances, among which the increas- 
ing intelligence of the lower orders, and steam travelling, have been 
the most efficient. The latter has assisted eminently in the diffusion 
of knowledge, and hsis probably accelerated the crisis of public affairs 
on the continent, by giving the inhabitants of different countries 
opportunities of intercourse and comparing their conditions. No 
invention that has been made for ages has so levelling a tendency, 
w f hich accords but too well with the present disposition of the people. 
The spirit of emancipation, so peculiarly characteristic ofth^century, 
appears in all the relations of life, political and social. *On the con- 
tinent of Europe it has shaken tfye whole fabric of society, subverted 
law and order, and* ruined thousand^, in cider to thi$w down the 
crumbling remain# 6f the feudal system. The violence with which 
these changes were conducted has naturally led tof?*- re&ctioif, hut 
the prepent attempt to inflict upon *the world political and spiritual 
despotism must he ephemeral in its turn, being directly opposed 
to the irresistible progress of the .human mind. The same eman- 
cipating spirit which nas thrown young and old into a state of in- 
subordinationrand rebellion abroad, has been quietly but gradually 
altering the relations of social and domestic life at home. Parent 
rand child no longer stand-in the sam^relation to one another ; even 
early age boys assume the character and independence of men, 
which may perhaps fit them sooner for taking their share in the 
affairs of the worM ; for it must be Acknowledged that, whether 
from early independence or some other cause, no country has* pro- 
duced more youthful and able statesmen than our own ; but, at the 
same time, it places them in a less amiable and more dangerous 
position, by depriving them of the advice and experience of the aged, 
to which the same deference is no longer paid ; besides, it makes a 
bad impression upon foreigners, for in every other nation respect for 
parents is considered ap imperative duty. The working man con- 
siders his interest to be at variance with that of the manufacturer, 
and the attachment of servants to their masters is nearly as extinct 
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in Britain as vassalage. Ambition to a great extent pervades the 
inferior and middle grades of society, and so Jew are satisfied with 
the condition In which they were bom, that the pressure upwards is 
enormous. The numerous instances of men rising from an inferior 
rank to tne highest offices in the State encourages the endeavour to 
advance in society, which is right and natural, if pursued by legiti- 
mate means; but the levelling disposition so prevalent abroad is 
pernicious as it is impracticable. So long as men are endowed with 
different dispositions and different talents, so long will they differ in 
condition and fortune, and this is as strongly marked in Republics as 
in any other form of government ; for mail, with all his attempts to 
liberate himself from nature's ordinances, by the establishment of 
equal laws and civil rights, never can escape from them— inequality 
of condition is permanent as the human race. Hence from necessity 
we must fulfil the duties of the station in which we are placed, bear- 
ing in mind that, while Christianity requires thq poor to endure their 
lot with patience, it imposes a heavy responsibility on the rich. 

In Britain, respect for the labouring classes, tqgether with active 
benevolence, form the counterpoise to the evil propensities of this 
state of transition ; a benevolence which is not confined to alms- 
giving, httf which consists in the earnest tlesire tq contribute with 
energy* to the sum of human happiness? In proportion as that dis- 
position is diffused among the higher classes, and the more they can 
convince the lower ordlrSHhat # they have an ardeut desire to afford 
them every source of happinfess^and comfort thatfiqm their power, so 
mupff sooner will the transient evils pass ay, and an improved 
state of things will ccupmence ; •kindly and confident? feeling* will 
tlien take the place of coldness and mistrust. • 

The continual increase of that disinterested benevolence and liberal 
sentiment, which in our own country is # tlie # niq$t hopeful and con- 
soling % feature of the age, manifests itself injhe frequency with Vhich 
plans for ameliorating the condition of the lower classes are brought 
before Parliament ; in the socteties formed for their relief ; and ini 
the many institutions established for their benefit and comfort. «v 

For many years the education of the lowest class had been sadly 
neglected, and, still there are thousands who cag neither read nor 
write, and, what is more, are without instruction, moral and religious. 
The difficulty for government is extreme on account of opposing 
religious sects, but happily a spontaneous movement has arisen : the 
city missionaries, the dissenters, and latterly even the high dignita- 
ries of the Church of England have been preaching to thousands, at 
all seasons and in all places, and by so doing multitudes hear the 
Gospel who never entered a church. 

Three of the most beneficial systems of modem times are due to 
the benevolence of English ladies — the improvement of prison dis- 
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cipline, savings-banks, and banks for lendifig small sums to the 
poor. The success of all has exceeded every expectation, and these 
admirable institutions 4 are now adopted by several foreign* countries. 
The importance of popular and agricultural education is beaming an 
object of attention to the more enlightened governments ; and one of 
the greatest improvements in education is, that teachers are now 
fitted for their duties by being taught the art of teaching. The 
gentleness with which instruction is conveyed jio longer blights the 
joyous days of youth, but, on the contrary, encourages self-educa- 
tion, which, is the most efficient. 

The system of inTant-schools, established in many parts of Europe 
and throughout the United States of America, is rapidly improving 
the condition of the people. The instruction given in them is suited 
to the station of the scholars, and the moral lessons taught are often 
reflected back on the uneducated parents by their children. More- 
over, the personal intercourse with the higher orders, and the kind- 
ness which the children receive from them, strengthen the bond of 
reciprocal good feeling. Since the abolition of the feudal system 
the separation between the higher and the lower classes of society 
►has Jieen increasing; but the generous exertions of individuals, 
whose only object is to do good, is now beginning to corrept-artendency 
that, unchecked, might have led to the worst consequence^ to all 
ranks. We learn from statistic? 1 reports that the pains taken by 
individuals and Associations are not without their effect upon the 
Character of the nations For example, 'during the eleven year^ that 
preceded 1846, in whirtk the criminal returns indicated* the intel- 
lectuals condition, of persons accused^ there were 31 counties in Eng- 
land and Wales in which not one educated woman was called before 
a court of law, in a< population of 8,617,653 females. 1 

Crijne has general] y decreased in proportion to the religious and 
moral education of the people : the improvement in the morality of 
jfiie 'factory-children is immense since Government appointed in- 

t ^Twenty of these counties were in England and 11 in Wales, and s^few 
crimes took place among educated women in the other counties during the 
1 1 years mentioned, that the annual proportion of accusations against educated 
females was only 1 ?*i 1,349,059. During Ue year 1846 only 48 educated 
persons were convicted of crimes out of the whole population of England and 
Wales, and none were sentenced to death. And during the years 1845 and 
1846 there were 15 counties in England and 11 in Wales in which no well- 
educated person was convicted of any crime. The number of accusations 
among educated persons in Scotland is greater, because education is more 
general, and because the quantity of ardent spirits used in Scotland is five 
times greater than" in England. Crime is very much below the average in the 
mining districts, and it is still less frequent in Wales and in the mountainous 
country in the North of England. The accomplishments of a twtf-ediicated 
persoh in these statistical reoords consist merely in being able to read and write 
fluently . — * London Statistical Journal/ 
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spectors to superintend their health and education j 1 and indeed the 
improvement in the condition qf the whole population appears from 
the bills of mortality, which unquestionably prove that the duration 
of human life is continually increasing throughout Great Britain. 1 

The vSluntary sacrifices that were made in 1847 to relieve the 
necessities of a famishing nation evince the humane disposition of 
the age. But it is not one particular and extraordinary case*, how- 
ever admirable, that marks the general progress — it is not in the 
earthquake or the storm, but in the still small voice of consolation 
heard in the cabin of the wretched, that is the prominent feature of 
the charities of the present time, when the benevolent of all ranks 
seek for distress in the abodes of poverty and vice,* to aid and to 
reform. No language can do justice to the merit of those who devote 
themselves to ‘the reformation of the children who have hitherto 
wandered neglected in the -streets of great cities; in the unpro- 
mising task they have laboured with patience, undismayed by diffi-’ 
culties that might have discouraged the most determined — but they 
have had their reward, they have succeeded. 3 Th§ language of kind- 
ness and sympathy, never before heard by these children of crime 
and wretchednesses saving multitudes from perdition. But it would 
require % volume to enumerate the exertions that are making for the 
accommodation, health, and imjyovemeiit of the people, and the de- 
votion of high and lov^to the introduction of new establishments and 
the amelioration of the tJM. Noble and liberal sentiments mark the 
proceedings of public .assembly, whether in.thS qfiusq of nations or 
of individuals* and thp, severity of our penqj # laws is mitigated by a 
milder system. Happyfr this liberal and benevolent spirit is no) con- 
fined to Britain, it is universal in the States of the American Union, 
and it is spreading widely through the more civilized countries of 
Europe. 

* &very factory-child is limited to 48 hours of labour in the week, apd the 
children must by law attend fechoib at least tw% hours a day for six days ou\ 
of the seven, besides a Sunday school — one penny being deducted out ofeach 1 
shilling of wages for education. The inspectors have the power of establish- 
ing schools where wanted, and of dismissing incompetent teachers. •The 
engagemlht of factory-children In Britain lasts till thej^are 13, in the United 
States it ends at 15 years of age . — * Statistical Journal/ • 

9 The average duration of the life of sovereigns is greater in modem than 
in ancient times, but it is still lower than any other class of mankind. The 
most favourable average for them is 70' 05 years ; for the English aristocracy 
it is 71*69;. for the English gentry, 74*00; for the learned professions, 
66*8; for English literary and scientific men it is 72*10; for the army and 
navy, 71*99; and for the professions of the fine arts, 71*15. — ‘London 
Statistical Journal/ 

3 There are numerous Ragged Schools in London, and Government under- 
takes to send annually to the colonies a number of such of the scholars as * 
choose, to emigrate. — 4 London Statistical Journal/ 
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One of the most remarkable’ changes in our dvil state is the rapid 
and happy improvement in the condition of Ireland, which is now as 
flourishing as any part of the kingdom ; the people ha<*e abundance, 
and are no longer exposed to scarcity, since the cultivation of grain 
has to a considerable degree superseded that of the potato. 

There is a strong disposition at present to return to the middle 
ages, spiritually and politically,' but that ^delusion will pass away 
in its turn, being incompatible with the inevitable progress of man. 
Xo permanently retrograde movement can now take place in 
civilization^ the diffusion of Christian virtues and of knowledge 
ensures the progressive advancement of man in those high moral and 
intellectual qualities that constitute his true dignity. But much yet 
remains to be done at home, especially in religious instruction and 
the prevention of crime ; and millions of our fellow creatures in both 
hemispheres are still in the lowest grade of barbarism. Ages and 
ages must pass away before they can he civilized ; but if there be 
any analogy between the period of man's duration on earth and that 
of the frailest plant or shell-fish of the geological periods, he must 
still be in his infancy ; and let those who doubt of his indefinite 
improvement compare the first revolution in France with the last, or 
the state of Europe in tbj middle ages with what it is Represent. 
For, during the disturbed condition of the Continent and the mis- 
taken means which the people employed to improve their position, 
crime was less frequent and less atrociousr-'frian it was in the first 
revolution, and th^ universal indignation' it now raises is a strong in- 
dication^ improvement. In our own country, men who seem, to 
have Jived before their time were formerly prosecuted and punished for 
opinions which $re now sanctioned by the legislature, and acknow- 
ledged by all. The moral dispositiqn of the age appears in the refine- 
ment of conversation. Selfishness and evil passions may possibly 
ever bfc found jn the hum^n breast, but the progress of the racy will 
ccnsi$b in the increasing power of public opinion, the collective voice 
^jf mankind regulated by the Christikn principles of morality and 
]ustk3. The individuality of man modifies his opinions and belief; 
it ir a part of that variety which is a universal law of nature ; so 
that there will probably always be a difference of views as to teligious 
doctrine, which*- however, will become more spiritual, and freer from 
the taint of human infirmity ; spiritual despotism will cease, and 
the power of the Christian religion will appear in purer conduct, and 
in the more general practice of mutual forbearance, charity, and 
love. 



The following Table, which is one of the most curious of statistical documents, was formed by 
Professor Quetelet from the Register of Marriages at Brussels : — 
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TABLE OF HEIGHTS ABOVE THE r SEA t 

OP BOMB 

REMAEKABLE POINTS OF THE GLOBE. 


EUROPE. 


, V 

Names of Places. Mountains. &c. 


MONT BLANO Alps, P. 1 * 3 

Monte Rosa , , L. 

Mont Cervin , f P. 

Finsterarhom .. .. .. , , B. 

Jungfrau , , B. 

Le G&nt du M. Blanc , , P. 
Mont Combin .. .. , , P. 

Mont Is&an , , G. 

Monte Viso , , C. 

Ortler Spitz , R. 

Le Grand RiobuAnt .. , , r M. 
Drey Herra Spitz.. .. , , Car 
Mont Teiglou , , J. 

if 

Passes of the Alps ‘ 

Col du Geant , , P. 

Col de St. TM&dule .. ,, P. 
Pass ot the Gt.St.'Bemard , , P. 


9 9 

Furka . . . . 

¥ ¥ 

9 9 

L. 

9 f 

Monte Mc“o-. » 


L. 

) J 

Le Tnvemfette 

9 9% 

C. 

) 

9 9 

Mort Isdran .. 


G. 

9 9 

Coldes Fendtres 

9 9 

P. 

9 1 

Stelvio . . . . 

O 9 

R. 


Bernardino .. 

9 , 

R. 

9 9 

Splugen . . . . 

9 9 

R. 

9 9 

St. Gothard . . 

9 9 

R. 

9 9 

Mont Ccpis . . 

19 

G. 


Heights 
in English 
Feet 

Countries in 
which 
situated. 

Authorities. 

15,744 

Sardinia 

P. S.* 

15,210 

) 9 

9 9 

14,836 

9 9 

9 9 

14,026 

Switzerland 

Eschman. 

13,672 

9 > 

9 9 

13,786 

Sardinia 

P.S. 

14,124 

9 9 

9 9 

13,272 

9 9 

9 I 

13,599 

9 9 

9 9 

12,851 

Austria 

A. 5U 

11,063 


F. S. 

ltf,122 

f 9 

A. S. 

9,386 

r*' 99 

9 9 

11,238* 

Sardinia 

Assure. 

IF, 185 


P.8. 

8,173 

9 9 

9 9 

8,714 

Switzerland 

S. s. 

’8,937 

9 9 

P. s. 

9,827 { 

Sardinia 

9 9 

9,196 1 

9 1 

f 9 

9,581 

9 9 

9 9 

9**77 

Austria 

A.£. 

7 > 015 

Sardinia 

9 9 

6,946 

Austria 

9 9 

6,808 

Switzerland 

s. s. 

6,772 

Sardinia 

P.S. 


i The letters affixed indicate the part of the Alps to which each locality belongs — 
M„ Maritime; C., Oottlan; G., Graian ; P., Pennine; L.. Lepontine; B., Bernese, or 
Helvetian; B.. Rhetian ; J.. Julian; Car., Caralac. 

* The authorities on which these heights are given are— the Piedmontese Surveys 
(P. S.). as published in 1846, in the work entitled * Le Alpi che cingono lTtalia,’ 1 vol. 
8 vo.; the Austrian Survey (A. S.), as given in the Maps of the Regno Lombardo- 
Veneto, in 84 sheets, published by the Austrian Government; and the Swiss Trigo- 
nometrical Survey, by Escbman, l vol. 4to., 1846. 

3 The first Ugh* p a s s es are oDly fit for foot passengers, and in certain seasons for 
( mules : the remaining eleven offer carriage-roads, and are generally open at all seasons 
of the year, with the exception of the Stelvio. 
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T 

Names of Places, Mountains, to. 

Heights 
in English 
Feet 

Countries in 
which 
•situated. 

Authorities. 

Pass of the Simplon . . Alps, L. 
,, or Col di Tends 9 .; ,, M. 
, , oftheMontGenfcvre , , C. 
,, Brenner .. , ^ R. 

, , Pontebba J. 

6,578 

6,159 

'6,119 

4,659 

3,625 

11,168 

10,994 

10,899 

10,886 

10,820 

9,540 

Switzerland 

Sardinia 

99 / 

Austria 

P. S. 

9 9 

P.S. 

A. S. 

A. S. 

A. B. L. 1 2 

Mont Perdu Peak 



Mabord, Cylinder of 
Maladetta , , 

. .. .. 

• 99 . 

9 1 
%9 

Vignemale - , , 

Pic du Midi 



9 9 

V 

9 t 

9 9 

flflnionn .. .. .. .. .. 

9,137 


9 9 

Port d’Oo 

Passes 
of the 
Pyrenees . 

9,843 

8,402 

7,654 

7,143 

6,263 

6,188 

6,093 

5,795 

4,806 

4,688 


9 9 

, , d’Estaube . . .. 

, , de Gavaraie .. 

»■ , , de Tourmalet 
M<>nt. Ventoux 

9 9 

9 9 

» 9 • 

France 

9 9 

9 t 

» * 

f, 

• 

9 9 

9 9 

ff 

* 9 

Pic de Sancy .... 
Plomb du Cantal . . 
Mont Mezen . . . . 
Puy define.. .. 
Ballon des Vbsges 
Mulahf can . . . . 


9 9 

9 9 

9 9 

99 

99 


ft, 483 
JO, #52 
, 7,526 
• 7,244 
8,222 

* 9 

Spain 

9 9 

9 9 

9 9 

Sierra de Gredos .. 
Estrella .. ... .. 
Siotc Plftoa 

.. 

• 

9 9 

Bor y. 

FranzinL 

Bauza. 


9 9 • 

EfGadsr .. .*. 

• • 

Monte Corno, or ii Gran Sasso 

d’ltalia 

Monte Velino .. .. .. .. 

£,575 

9.521 
7,851 
7,212 
9,113 
. 6,975 
•5,794 

3,947 

3,869 

»*• 

9 • 

• 

Italy. Apen- # 
. nings 

Rojas (Sle^* 
nieni®. 

Schouw. 

De Prony. 
•jfchow. • 

9 9 

9 9 

9 9 

Chev. AmautL 

Termenillo Grande . . .. .. 

* 2 « 

Monti Amaro di Majelia .. .. 

Monte Cimone 

Mont Amiata 

Vesuvius, Punta del Palo, 

Aug. 1847 

Monte Somma .. .. .. ,. t 

9 9 

Tuscany 
Kingdom of 
Naples 

Monte Cavo (Mons Lazialis) 

3,130 

»» ~ 
Campagna 

of Rome 

• 

9 9 

* - 9 9 

French Survey. 

St Oreste or Soracte 

. .. .. 

* 2,140 


Passes of the Apennines: 

— 




Pass of the Giovi . . 

.< .t .. 

1,550 

Apennines 



1 Heights taken from the list published in the French 1 Annuaire du Bureau des 
Longitudes,’ converted from mfctres into English feet. 

2 A 
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. Names of Places, Mountains, &c. 

Heights 
in English 
Feet. 

*> 

Countries in 
which 
situated. 

Authorities. 

ti r 

Pass of La Bochetta 

2,550 

3,294 

Apennines 

Sch <&r % 

Islands of the Mediterranean : — 



Monte Rntondo . . 

8,767 

8,701 

6,293 

10,874 

6,509 

Corsica^ 

A. B. L. 

d'Oro 

n u •' 

, , Geimargentu .« .. 

Mount Etfia .. .. r .. 

Pizza di CsnA^. . 

Sardinia 

Sicily 

La Marmora. 
W. H. Smyth. 
A. B. L. 

De’Borch. 

« 

* Mount Eryx 

Stromholi .. ... .. .. .. 

3^894 

2,687 

» 9 

. Lipari Isles? 

Greece and Morea 

. Mnnnt OninnA T . .. .. 

8,239 
8,068 
7,904 
7,293 
7,726 
6,778 
5,738 
5,725 
3, <178 

Greece 

^Peytier. 1 

Parnassus .. 

Taygetus, Mont St. Elias 

Mount OlnnAa ®. . 

* 0 0 

9 9 

, , Kelmos 

» 


,, Athos 

,, Helicon .. .. .. 

Delphi .. ..* 

Mount Hymettus 


De Borch. 
Peytier. 

« ®f 
* > 

Central Europe H 

« 



Kuska Joyada . . « . . A .. .. 
Buts^hetje, Transylvania 

Si\mjl .. . * . 

9,912* 

9,528 

9,593 

8,524 

8,814 

9,799 

5* 394 

4,675 

4,6*2 

4,160 

4,784 

4*265 

4*124* 

E. Carpaths. 
»> ♦ 

e 

i 

Mount Tatra, hTghest point .. 
f , 6sabi Peak 

,, LonyiitarPeah .. 

Biesenkoppe, the Riesepgebirge 
Fel&berg, in* the SchWarayald 
* 

Belchenberg ** c , 

Kandelberg » »• > > 

Scnneeberg, Kiesengebirge .. 
Kammkoppel , , „ 

Sonnenwerbel," the Erzge- 
birge . . . . 

W.T^arpaths. 

9 9 

Germany 

9 9 

9 9 

9 9 

9 9 

9 9 

Wahlenberg. 

9 9 

Horen. 

French Engi- 
neers? 

9 9 

Bohnenberger. 

Charpentier. 

Rachel berg^in the Bebmerwald 
Steinberg, Moravia . . 

Brocken, Harts .. ... .. .. 
Schneeberg, in the Ficfetelge- 
biige .. 0 .. ... 
Btessberg, in the Thuringerwald 
Glockner ,, 99 

4*561 
3,511 
* 3,659 

3*461 

2,748 

2,231 

9 9 

9 9 

9 9 

99 

*9 9 

Sternberg, 

David. 

Zach. 

Goldfuss. 

Zach, 

99 


1 Heights determined during; the French expedition to the Morea by Colonels Fey tier 
and BobUye, and published.in the ‘Connaiasance ties Temps ' for 1839, 4 
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Name* of Plages, Mountains, fee. 

Heights 
In English 
Feet. 

’ Countries in 
which 
situated. 

Authorities. 

Gross teldberg, in the Taunus 




Chain 

Lo wen berg, in xthe Siebenge- 

2,775 

Germany 

Schmidt. 

birge .. ... 

2,024 

M 

Nose. 

• * 

Norway and Sweden 




Skagtoltind .. Lat. 61° 24' 

8,101 

•Scandinavian 
• Mountains 

Keilhau. 

• 

Koldetind .. .. 

7,224 



Sognefield.. .. .. .. .. 

7,182 

* » 

Hagelstam. 

• Mugnafield Lat. 61° 20 F 

7,215 

IV 

Forsell. 

Shneehattan . . , , 62 20 

8,120 


Eismark. 

Pighoettan.. .. ,, 62 2 

6,788. 

» » 

Hagelstam. 

Sulitelma .. .. ,,67 5 

6,178 

9 • 

Wahlenberg. 

Langfield .. •• ,,61 53 

6,598 

• 

9 9 

Hagelstam. 

Melderskin .. >#60 0 

4,859 


Yon Buch. 

Lyngen Mountains ,, 69 30 

4,300 

* ’ e 

-9 > 

Great Britain : — 




Ben Nevis 

4,368 

Scotland 

Jameson. 

Cairn toul, ’Aberdeenshire 

4,22* 


Playfair. 

Ben Avon . , , ...» 

3,931 



Ben Lawers, GrampiStos . . . v . 

*,945 

9 9 

1 9 

Schihallien ,, \ 

3,564 


9~j 

Snowdon • .. 

3,557 

Wales’ . 

Roy. 

•Cader Idris * . . . . . . . . . . 
Cam Llewellyn 

3,550 
> 3,471 

• 1' 

9 9 

9, # 

Cross Fell, Cumberland . . . . 

3,383 

England 

Jamesoft. 

Helvellyn, ,, .... 

3,313 

9 7 

9 4 

Skiddaw, , , .... 

• 3,038 

4* 

Dr. Young. 

Schunner Fell, Yorkshire . . . . 

2,388 

Smith. 

Cqniston Fell, Lancashire 

2,575’ 

•It 

97 • 

cAviot Hills 

2,657. 

• 

9 » 

9 9 

Pentland Hills # 

1,878 

Scotland 

PlayfaiP. • 

Carrflh Tual, Kerry • 

3,412 

Ireland 

Nimmo. 

SleibDonnard ' .. 

3,146 

99 * 

99 • 

Nephin, Mayo 

2,644 

9 9 

Jameson^, 

Mourne Mountains, Down «.. 

2,493 

9 9 • 

9 9 

Ben More, Isle of Mull .. .. 

3 ,10Q 

Hebrides 

f 9 

Hecla, Isle of S. Uist 

3,002 

• 

) 9 

Boue'. 

Cuchullin, Isle of Skye .. .. 

2,995 

• 

9 9 

M*Culloch. 

Mount Rona 

3,593 

Shetland 

Laing. 

Iceland and Faroe : — ' 


- ' 


Snaefell Jokuli 

5,115 

Iceland 

A. B. L. 

Hekla 

5,210 

• 

9 $ 

9 9 

Skalingefield, Isle Stromoe . . 

• 

2,172 

Feroe 

Stein. 


9*9 
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[Apr. 


Heights 
in English 
Feet. 

Countries in 
which 
situated. 

i 


29,002 

J^epaul 

Col. Waugh. 1 

28,178 

Sikkim 


27,826 

9 9 

9 9 

26,862 

Nepaul 

9 • 

25,670 

Kumaoon 

^Herbert. 

25,312 

Sikkim 

Waugh. 

25,500 

Nepaul 

Webb. 

24,740 

t * 

9 9 

24,005 

Sikim 

Waugh. 

23,929 

Tibet 

9 9 

23,175 

Sikkim 


22,000 


Dr. Hooker. 

23,500 

Tibet 

Strachey. 31 

22,799 

Nepaul 

Webb. 

1 23,263 

YBetween the 



22,313 

1 Kali and E. 



22,727 

| branch of 



22,277 

J the Ganges. 


. ... 

22,500 

1 Between the 


) r f 9 

22, (#8 

J Ganges and 



2(1,219 

) SutLj. 



21,94,0 

Kumaoon 



21 , 0Q0 

• Tibet 

Strachey. 

17,905 

Hindoo Cush 

Burnes. 

20,^32 

.. 

<* •- 

9 9 

19/000 

Tibet 

Strachey. 

18,600 

, 9 

Dr. Thomson. 

18,500 

t t 

Cunningham. 

! 18,313 

t 9 

Gerard. 

i 17,7-V 

9 9 

Strachey. 

16,884 

9 f 

Manson. 

! 16,814 

9 9 

Gerard. 

I 16,500 

9 9 

Webb. 

15,500 

y y 

9 9 

| 18,000 

Sikim 

Dr. Hooker. 4 

: 18,493 

Caucasus 

Fuss. 

16,530 

I 

A.C* 


. Romes of Places, Mountains, Sue. 


Himalaya Chain : — 

Mount Everest 

Kuncliin-junga, W. part .. .. 

, , E. Peak . . 

Dwalaghiri 

Juwahir 

Junnoo t .. S. .. 

Jumnautri f. 

Dhaibun 

Kabroo * .. 

Chumalari 

Powhunry, or Donkiah Lah . . 

Kanchaq-ghow 

Momonangli, or Guvla . . . . 

Api Peak 

Peak No. 12 .. / 

ft 13 

» % 23 

,, 25 r .. 

St. George’s PenK r 

St. Patrick's Peak 

Gangoutri Pyramid 

Jown lee Peak (higftast) .. .. 
Kailas Peak ,. . T v c . . fl . . . . 

Kohibaba . . 

Peak N. of Cpbul . . . . r ! . . . 

< * 

Passes of the Himaltya 

Marsi Niglak Pass r.n» .. «.. 
Karakorum Pass . . «s. . r . 
ParaiVgla Passr .. ,1 ,. r .. 

! .Kropbrung Pass -. 

Langpya I) h ura or Doora Ghaut 

Lipu Lek Pass 

Nith*Ghaut Pass 1 

.Paralaha Pass 

Shatool Pass ,. ( 

Lachoong Pass a 

Elbrouz . . 

Kazbek 


■ The heights in the^Sikkim Himalaya are deduced from the observations ’of Colonel 
Waugh, Director of the Trigonometrical Survey of India. See ' Journal of Ab. Soc. of 
Bengal,' Nov. 1848; and * Proceedings of Royal Geog. Soc./ 1857. 

* For Lieut. Strachey’s observations during his very interesting Journey <to the 
Sacred Lakes of Manasarowar, &c., see 'Journal of As. Soc. of Bengal/ Aug. 1848. 

3 See Hooker’s 'Journal of Botany,’ May, 1849 ; and ' Western Himalaya.' 

. 4 « Journal of Geographical Society of London/ vbl. xx. p. 49. 

3 The Heights followed by the letters A. C. have been taken from Humboldt’s * Asie 
Centrale/ 
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Karnes of Places, Mountains, &c. 

* " 

Heights 
in English 
Feet, • 

Countries in 
which 
situated. 

Authorities. 

Dema-ipnd 

14,695 

17,212 

Persia 

Thomson. 

PaiTot. 

A. C. 

Ararat . . .. a 

Argteus 

Beloukha 

13,197 

11,062 

•9,517 

8,593 

7,498 

6 760 

9 9 

Asia Minor 
Altai 

Syria 

Mount Libanus .. 

Mount Horeb . . .• .. . . 

9 9 

A. B. L. 

Pii nnpl 1 

Jebel SerbaL ,, .. 

9 9 

9 9 

» 

JLiuppcll. 

9 9 

Knmen Pea? . . . . 

Tremel Peak 

5^397 

5,071 

Vi al • 

*» • 

• 99 

A. C. 

9 9 


* 


AFRICA, AND ISLANDS IN THE ATLANTIC. 


Mount Atlas (Miltsin) . . . . 
,V Abba Jarrat 13° lO'Tf. 

,, Buahat .. 13° 12’ N. 

Kilimandjaro .. ..4° 0'S. 

- (doubtful) 

Moui^JfVoso, Lat. 6° 30' N. 

9 9 Dajan , , 13° 15’ N, * 

, , Fatra , , 10° 42' N fc 

Table Mountain • . 

*Pico Ruivo * 

Peak of Teneriffe, oi*cfc Teyde 
Altavista Observatory, Tenerifle 
Guajara Observatory, Tenerifle 

Chahorj*a, Tenerifle 

Pico de Cruz, Palma 

L<| Pexos, Great Canary . . .. 
Alto Garaona, Gomera . . . . 

San Anton, Ferro ?• 

Asses* Ears, Fuenta ventura .. 
Peak of Fogo 

Pico, Island of San Antonio 

Pico, Island of Pico 

Pico de Vara, Island of St. 
MIchaePe 


11,400 

Morocco 

15,008 

Abyslinia 

14,362 

9 9 

20,000 

, , iik the 
Mtns. of 
the Moon. 

16,350 

Southern 

• 

Ethiopia 

15,740 

Northern 

• 

Ethiopia 

14,350 

Abyssinia j 

3,816 

Care Sf Good 1 
Hope* 

6,056 

Madeira J 

12,205 

Canaries 

10,073 

9 9 

8,903 

9 9 

* 9,885 1 * * 4 

• ‘ I 

J * 

7,730* 

* 9* 

6,400 

* »» 

4,400 

9 9 

3,907 


2,-770 

9 9 • 

9,154 

Cape Verde 
Islands . 

8,815 

.. • 

7,613 

Azores • 


Washington. 

Kiippell. 

Ans. of Phil. 


D’Abbadie. 1 


9 9 


9 9 


A. B. L. 


Vida*. 

Piazgi J4mith. 

9 9 
9 9 

Von Buch. 
Vidal ^ 

I 9 . 


9 • 

99 m 
Deville. 

Capt. King. 
Vidal. 


3,570 


1 From a MS. list of a great number of Geographical Positions and Heights deter* 

rained by M. A. T. d’Abbadie, during bis travels and long residence in Abyssinia, com- 

municated to the author through Mr. Pcntland. 

4 The heights given on Admiral Vidal’s authority are taken from the Surveys 
of Madeira, the Canaries, and Azores, executed under his direction, and published by 
the Admiralty; those on Mr. Piazzi Smith's were obtained in 1850, during his astrono- 
mical expedition to Teneriffe, where he remained for several weeks engaged in making 
physical observations at the elevated stations of Guajara and Altavista. 
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Names of Places, Mountains, &c. 

Heights 
in English 
Feet. 

Countries in 
which 
situated. 

r 

f « 

Authorities. 

Caldeira de Sto. Barbara, Ter- 



. 

ceira 

3,500 

Afores 

Vidal. 

Pico de San Jorje 

3? 498 

•m r 

M 0 

Morro Xlordo, Flores 

3,087 

J f 


Caldeira de Corvo .. .. f .. 

2,460 

> I 

9 9 

North America : — * 




Mount St. Elias 

17,850 

N. America 

Rogers . 1 

, , Fairweather 

14,788 

f t 


Fremontf s Peak, Rocky Mount* 

13,570 


9 9 

Mount Hooker, , , 

15,700 



, , Brown, , , 

1 15,900 

9 9 

9 9 

. . W ashington , behest point 




of the Apaltichian Range . . 

8,428 

9 9 


Popocatepetl . . v 

17,717 

Mexico 

Humboldt. 

Orizaba 

17,374 



Iztacihuatl .. 

15,705 

9 , 


NeVado of Toluca 

15,542 


A. B. L. 

Sierra Nevada . . 

15,170 


l^uitiboldt. 

Perote Mountain . 

13,413 



Fair Weather Mountain . . . . 

1.4,925 

N. Ayc»"vica 


Jorullo . . . . ** 

4,265 

Mexico 

9 > 

Volcan de Fuego/ w*at peak . . 

13,100 

Guatemala 

Basil Hall. 

, , , , ‘east jJeak . . 

13,050 

9 » 

99 e 

Irasu„or Volcano of CVtugo . . 

11,480 

99 

• Fhys. Atlas: 

Mountain Passes in^N. America 


* 


Lewis and Clarke’s Pass . . . . 

6„323 

Iiocky Mts. 

9 9 

South Pass .. 

7,490 

• 9 

r) 

Sang.’C di CrisCo Pass* . *.. 

9,358 

9 9 

9 9 

\tycst 'Indies : — ^ 




Blue Mountains 

. 7,277 

Jamaica 


La souftri&re 

Montague Pelee 

5, 19.8 
4,432 

Saftrhiiiue 

9 » 

Mount Caron 

4,370 ' 

St. Vincent’s 

Chisholm. 

South America : — 




La Silla de Caraccas 

8,600 

Venezuela 

Humboldt. 

Cerro de Duida 

8,280 

f f 


Roraima . . . . Lat. 5° 30' N. 

7,450 

Guiana 

Schomburgk. 

Plain of Bogota 

8,730 

9 »' 

Humboldt. 

Volcano of Tolima 

18,020 

Andes of N. 

f 9 

-i 


Grenada 



From Rogers* and Keith Johnston’s ‘Atlas of the! United States/ 1857* 
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• 

Names- of Places, Mountains, Ac. 

• • 

Heights 
in English 
Feet ‘ 

Countries In 
} - which 
situated. 

Authorities. 

Volcano of Parace .. .. .. 

• 

17,034 

Andes of N. 
Granada 

Humboldt. 

, , Cumbal 

15,620 

9 I 

Boussingault. 

Cayambe 

19,535 

Andes of the 
Equator 

Humboldt. 

Antisana . . . . f 

19,137 

) r 


Cotopaxi 

18,775 

i ’ * 

9 9 

Pichincha .. .* 

15,924 

*9 


Chimborazo 

21,424 


m 9 9 

Illinissa 

17,380 

9 1 

Bougeur. 

Tunguragua t 

16,424 

I t 

Humboldt! 

1 Sanga'i 

16,138 

f 9 

La Coudamiue. 

Vilcaflota Peak 

17,525 

Peru 

Pentland. 1 

Apu-Cunuranu 

17,590 



Guaracoota Peak, Snow line .. 

16,217 

7 • 


Cololo .. .. Lat.-14°58' 

17,930 

Bolivia 

• 

Volcano of Arequipa 

20,320 

Peru 


Quenuta .. .. Lat. 17° 41 r 

18,765 

*8 * 

f 9 

Chipicani, or Nevado of Tacora 

19,745 

9 9 


Pomarape 

21,700 

f 9 

9 9 

Farjpacota 

Sahama • 

22,030 

22,350 

ft »» 

, , 

• 

1 f 

Gualateiri .. .. Lat. 18° 23k 

21,900 

9 i 

9 f 

Ancohuma, S. P«Jk 

• 

^1,286 

Bolivian 

Andes 

9 9 

N. Peak ... .* ?. 

21,043 

, 9 • 

y f 

Cliachacomani, N. Peak . . .*. 

20,355 

• • * 

9 9 

Angel Peat .. Lat. 16° 10' 

20,115 

•• it 


Supa'iwasi, or Huayna Potosi . .• 
Cacaca .. .. Lat. 16° 25' 

20,260 

1 • 

» * . 

J 9 # 

18,210 

• 

9 9 a 

f 9 

La Mesada, S. Peak 

19,356 

9 9 

9 9 

Illimani, S. Peak ' 

21,14# 

•',P 

9 9 

Mount de las Litanias .. .. 

14,5^0 

• f > • 

tt • 

9 1 

Miriquiri Peak 

16,100* 

* 

• 1 

Cerro, or Mountain of Potosi . . 

, , of Chorolqttp , 

16,152 

9 9 

• • 

near Tupisa . . 

16,550 

9 9 , 

Redhead. 

Dom^Jco. 8 

Peak of Don a Ana 

16,070 

9 t 

Aconcagua Mountain 

23,910 

Chile 8 

• 

• 

• 

BeecheJ and 
Fitzroy. 


1 The heights given in this tabic on Mr. Pentland’s authority have been taken from 
his map of 4 The laguna of Titicaca, and of the Valleys of Yucay, Collao, and Dcsdgua- 
dero,’ published in 1848. 

* The heights given on Mr. Domeyko’s authority are taken from his very interest, 
ing papers on the Geology and Mines of Chile, inserted in the Annales' des Mines 
1846, 47, 48. 

3 As stated in the text, p. 87. The height here assigned to the Peak of Acon- 
cagua differs 700 feet from that given by Admiral Fitzroy. A re-calculation, however, 
of liis elements has led us to adopt a much grei^tor elevation for the giant of the Chi- 
lian Andes than given by that officer. 

Jfitzroy’s observations place the summit of the Peak of Aconcagua, which on his 
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Concal Peak .. Lai. 83° 6' 
Tupungato . . JLdt. 38° 23' S. 

Maypu Volcano 

Volcano of Antnco 

'Volcano of Osorno, or Llan- 

quihue 

Yanteles 

Minchinmadava Volcano .. 
Mount Stokfis . . .. 

Mount Burney c . . 

Mount Sanniento 

Mount Darwin . . ^ 

Passes of the Andes : — 

Pass of Rumihuasi * .. . . 

, , los Altos de Toledo . . 

, , Pacuani 

, , Chullunquiani . . . . 

, , % Vilcaflota, or la Raya . . 

, , las Gualillas .. 

, , Paramo d* Assiiay . . . . • 
, , las Guanacas .. .. .. 

, , Quindiu 

, , el Almorsadefo . . . . 

, , Come QibeRo,* 4 

Lat. 27° 30; S. 

. , Bofia Ajia * 

- . La*. 29° 52' S. 

, , Portezuelode la Laguna 
Lat. 30° 15 r S, 

, , LaCumbre ,V !. .. 

, , «las Peuqwnes, Et P&ss * 
, , el Portillo W. , ,* 

* • 

Mountains of Brazil : — * 

Itamlfe .. .. \ 

Villfirica chain, Serra da Piedade 
Itacolumi .. .. !. , 


Heights 
in English 
Feet 

Countries in 
which 
situated. 

Authorities. 

s * 

20,386 

Chile 

Gillian 

22,016 

» f 

9 9 

17,644 

'■ f t 

9 9 

8,918 

9 9 

m 

9 9 

7,550 

9 

»t 

Fitzroy. 

8,030 

) ) 

9 9 

8,000 

9* 

9 9 

6,400 

Patagonia 

9 9 

5,80G 

9 » 

9 9 

a 6,900 

Tierra del 
Fuego 

1 9. 

6,800 

9 9 

9 9 

■ * ' 

16,160 

Peru 

Gaye. 

15,790 

9 9 * 

Pentland. 

15,340 

Bolivia 

9 9 

15,160 

9 9 

9 9 

14,520 

Peru 

9 9 

14,750 

9 9 

Humboldt. 

15,528 

14,76$ 

Equator 

tt 

Bouguier. 

Ilf 502 

N. Grenada 

Humboldt. 

12,850, 

a 

.?• * 

9 9 

• 

14,520 

Chile 

Domeyko. 

14,84'9 

« * 

9 9 

9 9 

15,575 

9 9 

9 9 

12,572 

9 9 

Lieut. Rae. 

13,362 

9 9 

9 9 

14,315 

9 9 

9 9 

5,960 


Eschwege. 

5,880 

.. 

9 9 

5,750 

• 

9 9 


chart is Incorrectly designated as a volcano, in lat. 32° 38' 30", long. 70° 00' 30" W., 
or 23' 23" N., and TOO' 45" E. of Valparaiso, or its nearest distance about 88JJ, geogra- 
phical miles. From a station near Fitsroy’s, at Valparaiso, the late Admiral Beechey 
found the angle or elevation of Aconcagua, by several very careful observations, to bo 
1° 55' 4ft", the distance from this station to the Peak being 88*74 geographical miles. 
From a discussion of all these data, the compiler of this table bas deduced for the height 
of Aconcagua 23,910 feet above the sea. The American Astronomical Expedition to 
Chile, under Lieut Gillies, reduces this height to 22,300 feet, 
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ISLANDS IN fHE PACIFIC, POLYNESIA, AUSTBAL- 
ASfA, &c.. ' 


Names of Places, Menu tains, &c. 

’ Heights 
in English 
Feet 

Countries in 
which 
situated. 

Authorities. 

Isle of Bourbon, highestypoint 

8,340 


Phys. Atlas. 

Mount Ambotism^pe .. .. 

Adam's Peak 

11,506 

Madagascar 

A.B.L. 

6,152 

Ceylon 


Mount Slamat or Tajal .. .. 

11,930, 

Java 

Jungbuhn. 

, , Sumbung .. .? ,. .. 

, , Gounnong Pasama, op 

11,030 

• ”• 


Ophir 

13,840 

Sumatra 0 

Raffles, 

Mount Luse . . Lat. 4° 20 r 

11,000 

Sumatra 


Volcano of Matua 

4,500 

Kurile Is. 

Phys. Atlas. 

Peak of Unimak 

8,593 

Aleutian Is. 

• * 

Mowna Kea . 

13,953 

Sandwich 1st 

Wilkes. 

, , Roa 

13,760 

9 b 

» j 

Tobreonou . . . . 

12,250 

Tahiti 

Phys. Atlas. 

Mount Wellington, or Kosciusco 

6,500 

Australia 

Strzelecki. 

, , Lindsay Lat. 28° 20 r S. 

5,700 

• 

> > 

Mitchell. 

, , Canobolas „ 33 25 

4,551 

» 1 

f 9 

, , Edgecumbe 

9,630 

New Zealand 

Bid well. 

, p • Eemont 

8,840 

• ” . 

Dieffenbach. 

Tongariro Mountain 

6,260 

» * 

f 9 

Mount Erebus 

12,367 

lAntartic 

Sir J. C. Ross. 

, , Terror T> 

« r 

f3,884 

J Lanjjs 

<r~ 

9 9 


<■ 5“ 

LAKES AND INLAND SEAS. # 


Sirikol, source of tlie*Oxus . . 

15,630 

Pamer 

Wdbd. 

Manasarowar and Kaikas Thai 

15,250 

Tibet 

Strachey. 

Chumurari Lake 

.15,00a 

Perg-Bolivia 

Cunningham, 

’Titicaca 

12,847 

Pentland. 

Lake Ngami .. 

2,825 

$. Africa • 

Murifty. 

Ekikal 

1,535' 

1 Asia 

A. C. 

Lake Chad # . 

840 

t Cent. Africa. 

Dr. VSgel. 

,, of Van f 

566 

Turkey in 

A. C. 

Aral 

36 

Asia • 
Asia 

» 9 

Caspian Sea, below the level of 


■ 

the Ocean 

82 

. 9 9 

Russian 

Dead Sea, below the Ocean 

1,312 

•Syria 

Survey. 

Symonds. 

Lake of Tiberias, below the 
Ocean 

652 

9 9 

9 • 

Lake Assal, below the Ocean .. 

570 

Somali Coun- 


, , Superior 

627 

try, Africa. 
N. America 

» Rogers. 

, , Erie . . . . . . 

564 

9 9 

9 9 

, , Ontario 

230 

9 9 

9 9 

, , of Lucerne 

1,407 I 

Switzerland 

Eschman. 

* . of Genera 

1.230 1 

. , 

« a 





526 PHYSICAL GEOGRAPHY. [App. 

HEIGHTS OF SOME REMARKABLE INHABITED 
PLACES. 


Names of Places, Mountains, fee. 

Heights 
in English 
Feet. 

Countries in 
which 
situated. 

0 

Authorities. 

JRumihuasi, Post Station r. . . 

15,542 

Ancles „ of 

Gaye. 

Ayavirini, Post Station . . . . 

14,960 

Peru 

Peru 

% 

99 

Pati, Post Station 16° OS^S. 

14,400 

r 

3 9 

Pentland. 

Apo , , if £6 l5 

14,37^ 

> i 

9 9 

Ancochallani, falm 17 35 

14,683 



Tacora, village .. 17 47 

13,690 

9 f 

9 » 

Calamarca .. .. 16 54 

13,650 

Bolivia 


Antisana, farm . . 

13,454 

Equator 

Humboldt. 

Potosi, city * 

13,330 

Bolivia 

Pentland. 

Puno, city . . . . . 

12,870 

Peru 


Oruro, „ .. 

12,454 

Bolivia 

9 9 

Arquaze, highest village in 
Ethiopia .. 

12,235 

Abyssinia 

D’Abbadie. 

La Paz, dty 

12,226 

9 9 

Pentland. 

Miqujpampa, village 

11,870 

Peru 

Humboldt. 

Cusco, city « . . 

11,384 

Peru. 

, Pentland. 

Quito, capital of tfie Equator * 

9,543 

. . 

Hfimboldt. 

Chuquisaca, capital of Bolivia 

9,3-fe 

Bolivia 

Pentland. 

Bogota, capital of Ngw Grenada 

8y730 

N. Grenada 

Humboldt. 

Mexico \ 

7,570 r 

Mexico 


Arequipa, city • «• .. 

7,85* 

‘Peru 

Pentland. 

Highest villages on S. sidg of 
the Himalaya .. .. ?•. .. 

13,000 

Knmaon 

Strachey. 

Leh,%r Ladak t. 

11,600 

Tibet 

} 9 

Nitl, village .. l . .. , . 

11,473 

Kumaon 

Webb. 

Daijeeling, town .. /. . f 

7,165 

Sikim Hima- 

Waugh. *• 

Cabult, ;.*• 

6,382 

laya 

Afghanistan 

* 

Bumes. * 

Saka, capital of Enarea ° 

c * Lat. 8°11' N. 

6,050 t 

Ethiopia 

i , 

D'Abbadie. 

Kandahar l . . 

5,563 

Humboldt. 

Tehei^n .. .. 1 

4,1^7 

Persia 

A. C. 

Kashmir, city . . 

5,818 

Kashmir 

Hugel. 

A. B. L. 

Hospital G ta St. Bernard .. .. 

8,110 

(Piedmont 

, , St Gothard c . . Alps, P. 

6,808 

Switzerland 

9 » 

St. Yeran, villagd . . . . , , C, 

6,693 

Sardinia 

9 9 

Breuil, village .. .. , P. 

6,584 

_ 9 9 

P. s. 

Barfeges, ,, 

4,072 

Pyrenees 

Alps, M. 

A. B. L. 

Briongon, town 

4,285 

f , 

Jerusalem 

2,565 

Syria 

Berton and 

Madrid 

1,994 

Spain 

■jsrr' 

Santiago, capital of Chile . . . . 
Mlinich 

1,750 

Chile 

Pentland. 

1,764 

Bavaria 

A. B. L. 

•' Geneva 

1,450 

Switzerland 

9 f 

Turin 

755 

Piedmont 

3 9 
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Names of Places, Mountains, Ac. 

Heights 
in English 
Feet. 

Countries in . 
which 
situated. 

Authorities. 


520 
f 430 
420 
213 
151 
1*1 

Peru 

Austria 

Lombardy 

France 

Italy 

Prussia 

Pentland. 

A.*L. 

> I 

1 » 

ft 

ft 

Vienna -- v .. .. .. 

Milan 

Paris, Observatory .. .. 

Rome, Capitol . . 

Berlin .. .. «. .. .. 


Index, 








INDEX. 


ABBADIE. 

Abbadie, M. A. d’, 89, • note , 90, 
242, 243, 244, notes . 

Abyssinia, 89-91 ; dimensions of, 89 ; 
table-laud, 90 ; mountains, ib. ; 

• geological structure, ib. 

Acidulous springs, 100. 

Adanson on the age of trees, 386, note . 

Admiralty, its encouragement of sci- 
ence, 503. 

Afghanistan, flora of, 355. 

Africa, extent and area, 81 j height 
of table-land, ib. ; interior of con- 
tinent, ib. ; width at the Cape of 
Good # JJope, ib. ; western moun- 
tains, tb.f the karroos, 81, 82; 
western coast, 83 ; height of table- 
land north of Cap^hoimtains, 84 ; 
discoveries of Dr. Livingstone, 84- 
88; Kalahari desert, 84;* r^er 
^s^tem of South Africa, 86 ; its 
productions, \b. ; pasture-lands, 87 ; 
native tribes, ib. ; fbt Makolol^, 
ib. ; mineral riches, 88 ; deserts, 
91, 93 ; analogy of Southern Afric^ 
to the Deccan, 93 ; earthquakes, 
161. 

p, rivers of, 239, 246 ; the 

Gariep, or Orange River, 239 the 
Zambeze, # or Leambye, ib. ; «the 
Leeba, t’6. ; the Chobe, ib. ; the 
Kafue, 240; the Mutu,«or Quili- 
mane, ib. ; the Ozay, ib. ; thg Juba, 
ib. ; the Haines, ib. ; the Ha wash, ib. ; 
the Dilolo, ib. ; the Nile, 241-244 ; 
theBahr-el-Abiad, or White River, 
241 ; its affluents, ib. ; the Bahr-el- 
Azrek, or Blue River, ib. ; its tri- 
butaries, ib. ; the Tazzakie, 242 ; 
Abyssinian rivers, ib. ; course of 
the Nile, 243 ; its basin, ib. ; velo- 
city, 244; inundations, ib. ; an- 
cient renown of, ib. ; the Nijer, 
244-246; barbarous state of its 
nations, 245 ; its sources and 


AMERICA. • 

coufse, ib . ; its affluents, ib . ; its 
• branches, #t ; inundations, ib. ; the 
Gambia, 246 ; I4ie Senegal, ib. 

Afi ica, flora of, 364 ; birds of, 439 ; 
quadrupeds o£, 461. 

Agassiz, M., on a former glacier in 
the valley of Ch#mouni, 44; on 
the orders of fishes, 400, note. 

Agouti, 471." 

Agua, volcano'de, 118. 

Ai, species of stoth, 467. . 

Air, temperature of, 283. 

Airy, Mr., 5, 7, 503. # 

A I ectoi> gen us of bi rds,\ 444. 

Alleghannies, cMUn or, 132, 133; 

area, 132; scenery, 133; branches, 

> ib. ; vegetation on, 373. 

Alligators, 423. 

Alpaca, y Pagfl, 409; on natural 
izatiou of, in Europe, ib. 

Alps, the, • 39, 40 ; Higher Alps, thej* 
extent, ,40 ; elevation «f ‘central 
ridge of, ib . ; swidth of the chain, ' 
41 : flora of, 350. 

Altai Moifnteuns, 60-62 ; length and 
bAadfli of the chain, 6 1 ; fsryi, ib . ; 
geolSgy of, 62, J3; elevation of, 
63, 

Alluvijfl deposits by rivers, 23. 

Amblyrhynchus, genus of #eptiles, 
427. 

Amboyna, its vegetation, 23. 

America, lengflli and form of the con- 
tinent, 95 ; its* natural divisions, 
ib . ; climate, ib . ; mountains, * ib . ; 
mean height of, 1 39. 

— — , rivers of, 258-268; the 
St. Lawrence, 258 ; Arctic streams, 
ib . ; the Mississippi, ‘-'59-200 ; its 
sources, 259 ; tributaries, #., 
260; the Missouri, 259; the Ar- 
I kansas, ib. ; the Red River, ib . ; 

the Ohio, 260 ; length of thf 
| Mississippi,#.; floods,#,; rivers 
H B 
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of the Alleglianny chain, ib. ; of' 
the Rocky Mountains, 261; Mexi- 
can rivers, ib. ; * rivers of the 
An*les^262, 263 ; the Orinoco, ita, 
rise and course,. 265; tributaries, 
ib. t 264; area of its basin, 263; 
floods, ib. ; the* Amazon, its rise 
and course, 264; its basin, ib. ; 
tributaries, 264, 265 ; floods, 265 ; 
•branches, <6. ; colour of American 
riven, ib. ; cthe Rio de la Plata, its 
rise, 266 ; tributaries, ib. * length, * 
ib. ; floods and inundations, ib. ; 
the Colorado, 267 ; the Rio Negro, 
ib. ; the EssequibOj ib. ; navigation 
of South American rivers, 268; the 
Path, »6 ; the* San Francisco, t’6. ; 
America, continental islands of, 145. 

peopled from Asia, 488. 

■ , Central, its ' dimensions, 

117 ; mountains, ib. ; climate and 
vegetation, 119 ; volcanos, ib. ; 
geology, 122, 123; flora, 375. 

— — , North, its dimensi ms • and 

structure, 124; * mountains, 124- 
128, 132, 133; plains, 129-132, 
133, 134; progressive extinction 6 
of aborigines, 134 ; geological 
notice, <6.-137 ; ‘yofcapjc action, 
137; fossil mammalia, ib.; ana- 
logy of the gee logy of Nflrth Ame- 
rica With that of Furope^436, 137 ; 
mean height of the continent, 139 ; 
coal-fields, 192 ; flor^ of^ 372, 

— — , South, lengthy and width, 
95 i its mountains, 9610/ ; *iow- 
1 lands, 108-116; their extefnt and 
hrea; 108 ; geology, 111-116 ; 
volcanic remains, 112, note ; up- 
heavtigs and subsidences, 1 14, 1 1 5 ; 
mepn height of the continent, 139 
earthquakes, 161*; tropical flora of, 
375. f 

American birds, 441 ; quadrupeds, 
464; races of man, 477. c 
Ammonia in the atmosphere, 279 ; its 
use in vegetation, 340. 

Amphiuma, 421. 

Ainucn, lake, 106. 

Anahuac, table-land of, 126. 

Anatolia, table land and mountains 
of, 48, 49. Z 

Andes, chain of, 96-105 ; Patagonian 
Andes, 96 ; Chilian Andes, ib. ; 


Peruvian Andes, 98; fertility and 
populousness of, t’6. c ; ancient civil- 
ization, 98; Bolivian Andes, 99; 
three ranges of the chLin, 100; 
Andes of Cundinamarca and Merida, 
103 ; passes of the Andes, elevations 
of, <6.»104; climate and tempera- 
ture, #104, J05 ; development of 
volcanic -force in the Andes, 111- 
113; geology of, 113-115; coal 
found ifl, 113; volcanic products, 
114; sea-shells in, ib . ; alternate ele- 
vation and depression of, 114-115 ; 
volcanos in eruption in 1835, 115; 
Andes of Central America, 117, 
118. 

Android barometer, 289. 

Angara, a Siberian river, 274. 

Angora goat, 456. 

Animated beings, new races of, ac- 
company great ^geological changes 
in the strata, 24; their ancient 
geographical distribution, <6. 

Anjou, Lieutenant, his voyage, 71, 
, note. * 

Ahnamitic chain, 74. 

Anoa, the, 46L * 

An pi is, genus of reptiles, 427. 

Aitfartftic lands, 174-176. 

Ant-eaters, 464, 467. . 

Antelopes of Asia, 4&8; of Africa, 
'462. 

Antelope Saiga, 457. 

t , pronebuck, or American, 

465. 



Ants, 3UY. : ■ c 

— t ?, white, their ravages; 397. 
Antuco, vegetation at, 380. 

• , volcano of, 112. 

Apennines, 42 ; their extent, ib. 
Aptengdytes, southern penguin, 445. 
Apteryx, anomalous biid, 447. 
Arabia, peninsula of, 77-79 ; eleva- 
tion of table-land, 79 ; mountains, 
ib. 

Felix, 77, 78. 

Petrea, 78. 

, flora of, 362. 

Arabians, 475. 

Ar$go, M., on polarized light, 322. 
Aral, lake of, 273. 

Ararat, Mount, 49, 456. 

Aracari, a bird, 444. « 
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' ARAUCARIA. 

Araucaria, genua of plants, 378. 

Arctic lands, 167-174. 

Arduin<f, metaftaorphic rocks, 9. 

Areca tree and* nut, 359. 

Argali sheep, 456. 

Armadilloes, 467. * 

Armenia, plains of, 49* 

Arnhem island, 143. 

Arrowroot, 377. 

Artesian wells, 230. * 

Articulata, classes of, 392, note, 

Asia, mean height of, 138p 139 ; vol- 
canos of, 159 ; earthquakes in, 
161. 

— — , rivers of, 247-257 ; system of 
the Euphrates and Tigris, area of 
its basin, 247 ; rise and course of 
the Euphrates, t'6. ; of the Tigris, 
t‘6. ; their junction, 248 ; ancient 
and present state of their banks, 
t‘6. ; the Indus, its sources, 249 ; 
its tributaries, ib . ; its navigation, 
t‘6. ; its delta*250 ; length And 
area, t‘6. ; the Ganges and Brahma- 
pootij^ sources of, ib. ; their tri- 
butaries, *251 ; length, t*6. ; inun- 
dations, t‘6. ; branches, t‘6. ; drufti- 
age, 252 ; the Irfawady, t‘6. ; the a 
Menam, 253 ; the Camhpdja, t‘6. ; 
the Sating, t'6. ; the Hoang^Ho, 
2*4 ; the Yang-tae-Kiang, ib, ; the 
Hong-KiangJ *6.; the White River, 
t‘6. ; the Amur, ib. ;*the Lebfc, 295 ; 
the Yenessei, ib. ; the Oby and 
Irtish, 256 ; great difference in the 
inhabitants of the basins of Asiatic 
rivers, 256, 257. 

Asis^ flora of, 355 ; birds of, 437 ; 
quadrupeds of, 456. 

Asp, Egyptian, a shake, 422. 

Ass, wild, or onagra, 456. 

Assal, lake of, 275. 

Assam, Upper, its mountains, 74. 

■ — , tea-plant in, 357, noil. 

Assyrian wilderness, 79. 

Atkinson, Mr., drawings of Thian- 

Shan chain of mountains, 1 59. 

Atlantic Ocean, . volcanic islands of, 
146 ; its size, 196. 

■ ■ — Plain, 133. 

■ Slope, 134. 

Atlas mountains, 36, 37. 

Atmosphere influential in modifying 

the distribution of light and heat, 4. 


BARRIER-REEFS. 

Atolls, 149-152 ; description of, 149 ; 
diameter, 151 ; atolls of the Pacific, 
t'6. ; of the China Sea, t'6. ; of the 
Indian Ocean, ib. , great extent of 
atolls, 154, 155. 

Auchenia, genua of llamas, 468. 

Auckland Islands, flora of, 382, 383. 

Aurochs, or wild ox, 454. 

Aurora, the, 335, 336; form and 
height of, 335 ; effect on the mag- 
netic needle, 336. 

Australia, continent gf, its length 
and ‘breadth, 141 ; climate, ib.; 
coasts, t‘6. ; raogntain-chain, ‘ 142 ; 
length and average height of 
mountains, t‘6. ; interior uninhabit* 
able, 143 ; scarcity of water in the 
interior, 143 ; a gold-producing 
country, 144 ; predicted by Sir 
R. Murchison, t‘6. ; amount of gold 
exported in 1856, 145. 

■ , rivys of, their insignifi- 

cance, 268 ; the Murray, 269 ; the 
Macquarrie, ib. ; Swan Rivef, ib. 

— , flora of, 368; birds of, 

$46 ; quadrupeds of, 471 ; human 
races, 474. 

Axolotl, a Mexican reptile, 421. 

Azerbijan, 450* 

• • 

BabiroiAsa hbg, 459. 

Back, Sis George, 504. 

Bahama Ariands. 12^. « 

Bahr-el-Abiad, or White Nile. See 
Nile. • 

— *- el-Afcrfk, nr* Blue Nile. See 
Nile. # * 

Baikal mountains, 61. 

Baily, Mr. 7. 

Balkan, 41. 

Baltic Tea, its arga, 224 ; basin, t‘6. ; 
depth, 225; climate, t‘6;; influ- 
ence on European civilisation, 489. 

Barley, origin *and cultivation of, 
384. 

Baronieter, use in determining heights, 
289; aneroid, t‘6„ note; horary 
variations of, 289 ; how affected 
by storms, 300, 301, note . 

Barren Ground, the, of North Ame- 
rica, 133. 

Barrier-reefs : notice of one off the 
north-east coast of Australia, 152, 
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BA1RACIANS. 

B itrauans, an order of reptiles, 419 , 
their distribution, « b. 

Bear, 455, 457. 

, the grizzly, 457, 465. 

Beaumont, M. Elie de, extension of 
Von Buch’tt views, 29, note; on 
mountain systems, 31, note; paral- 
lelism of contemporary chains, 33 ; 
on the mountain system of Europe, 
34, note. 

Beechey, Captain, his measurement 
of the height of the 'Nevfido of 
Aconcagua, 97. r * 

Bees, distribution cf, 397. 

Beke, Dr., travels in Africa, 90. 
Belcher, Sir Edward, expedition under, 
224. 

Bellott, M., 504^ 

Beloot Tagh, or Cloudy Mountains, 
52, 53. 

Ben Nevis, its elevation, 65. 

Bessel, M., his meas/irement of the 
earth's radii, 5; his results com- 
pared with those of .Mr. Airy, ib . ; 
with ^General Sabine’s, 6 ,nofe m 
Birds, classification t of, 430 ; geo- 
graphical distribution of, 432 ; 
migration of, 430; gregarious, 434 ; 
British, 435 ; Kdiopean, 432 ; 
Asiatic-,437; African? 439 ; North 
American, 44l ; Siiuth American, 
442; Australian, 446 ; ^ €rf New 
Zealand^ 447 ; fossil, {mm New 
Zealand, 448. % 

Bison, the, a species of ox, 465. 

Black Ser., its urea,* 225 : ’ basin' ib, j 
depth, t 359. * 

Blue Mountains, 121. 

Boa, a genus of serpents, 423. 

Boar, wild, 455. • 

Bombonu plain, its height, lOffl 
Bonaparte, Prince C. Lucien, Euro- 
pean fish, 402. 

Borax, lakes of, in Tibet, 59, 274. 
Borneo, general features, products, 
and climate of, 148; population 
of, 476. 

Boue, M.,his deductions from a com- 
parison of different parts of the 
land, 33 ; nature's fundamental 
types, few, . t*6. ; interruptions in 
continents and mountain-chains, 
35; Scandinavian mountain «rys- 
t tern, 64 ; on the influence of chains 


CERLOPSIS. 

of mountaihs on the diffeience of 
nations, 488. 

Boulder formation, 22 J ' 

Brazil, table-land, its height and form, 
106; boundaries, t6.j mountain- 
chains, 107 f soil, t’6. ; flora of, 
375; insects of, 396. 

Brienz, lakes of, 271. 

• Britain, Jora oL 353. 

British mountains, geology of, 66. 
British population, 481. 

Brooke, Sir J., at Borneo, 501. 

Buch, Von, the structure of the globe, 
29, note ; notice of mountains in 
Germany, 34 ; classification of 

* islands, 145, 146; boundary of the 
„ Australian continent, 147. 

Bunsen, Chevalier, on the antiquity 

of the Egyptian dynasties, 484. 
Buphaga, a genus of birds, 440. 

Caama antelope, 462. 

Cabiai, myopotamcK, 470. 

Cachalot, or spermaceti whale, 414. 
Caeciliee, genus of reptiles, 4& J. 
Camel, Bactrian, 458 ; ' Arabian, or 
Mromedary, ib. 
k Camellia, country of, 356. 

Campbellfe Island, 382. 

Caqjpos Parecis, desert of, 107. 
Canadas, the, products, 131; c ice- 
storms, 132 ; waste-Wd, ib. 

Cdpe Segro, G3. 

Carboniferous system, 12. 

Cariama, a gallinaceous bird, 444. 
Caribbean Sea|jp29. 

Caroline Archipelago, J,5L 1 
Carpathian mountains, 40.* 
Carnivorous mamirmba, 452. 
CasUhere goat, 458y * : 

Caflus, Mount, height of, 79. . 
Caspian Sea, i ^depression, 68. 

-—-, 273. 

Cassicaqp genus of birds, 439. 
CassoWttty, 439. 

Caucasus, the, 48. 

Caucasian race of mankind, 475 ; its 
distribution, ib. 

Cavendish, Mr., 7. 

Cebus, an American monkey, 467. 
Celtic races of man, 384. 

Cere^&a, geographical distribution of, 

tiereopsU, an Australian bird, 446. 
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CERRO DUlUk. 

Cerro Duida, height of, 106. 

Cetacea •divisidh of, 418, 451. 

Ceylon, island, 76 ; flora of, 362. 

Chameleons, 427. 

Chamois, 455, 457. 

Charpentier, M., his measurement of 
the base of the Pyrenees, 138, note . 

Cheetah, the hunting leopard* 459. 

Cheiromys, or Aye-A^e, an anoma- 
lous animal, 464. 

Cheiroptera, or bats, 451, 452. 

Chelonians, or turtles, 428. 

Chelydse, 428. 

Cherokee Indians, 497.- 

Chile, its climate, 97 ; group of vol- < 
canic vents, 112 j rise of the coast, 
115; vegetation of, 879. 

Chilian, volcano of, 1 12. 

Chimpanzee, 460,' 463. 

China, great productiveness of, 73 ; 
area of its alluvial plain, 74 ; extent 
of Great Canal off 73 ; climate, 74; 
fire-hills and fire-springs a of, 159 ; 
flora of. 356. 

Chinchilla, 4?0. 

Chinese population, 475. 

Chionis, an antarctic bird, 446. 

Chlamyphorus, 467. 

Choco, chain of, 102. 

Chuqffeisaca, 100. 

Cinchona, or Pefuvian-bark tree, 376. 

Circassians, 475. • 

Civilisation, effects of, 477 ; greatest 
in the vicinity of the sea, 497. # 

Climate during the Eocene period, 19 ; 
excessive cold of the Pliocene period, 
20. 

- altered by cultivation, 491. 

Clouds, formation and height of, 30f ; 
different iutmes given to, 308. 

Coal, diffusion of, 189-192 ; quantity 
consumed and exported annually by 
Great Britain, 191, note ; quantity 
produced in France in 1841, >6. ; 
quantity raised in one year, i*6., 
note; annual value of coal, 501. 

Coalfields, great extent of, 26. 

Coasts, extent and form of, 30, 31 ; 
comparative extent ofj in the four 
quarters of the globe, 30, 31. 

Cobra capello, or hooded snake, 422. 

Coca (Eryfhroxylon), 379. 

Cochineal insect, 397. 

Coffeeiplant, and history, of, 363. 


. CUSH. 

Cold, regions where .greatest, 285. 
Colima, 'volcanic cone, 1251 
Colobus, genus of Lemuridie, 463. 
^Colombian Archipelago. See West 
Indian Islands. 

Condor, the, 443. 

Conferva, family of plants, 15, 391. 
Continent, the great, form of, 36; 
its high lands, 37-63; European 
mountains, 37-46 ; Asiatic, 47-63 ; 
exteflt and breadth $£ high land 
betweln the# Mediterrarfean and the 
Pacific, 47 ; Great Northern Plain, 
64-72; area of high land, 67 ; 

> southern low lands, 73-80; great 
exteA of desert, 94; continental 
* islands of, 146. # 

Continents, forces that raised them, 
their mode" of action, 27 ; area of 
the great continent, ib. ; relative 
extent of continents and islands; 
28 ; elevation of continents, 31, 
32 ; interruptions in, 35 ; mean 
heigh k of, 138-140. * 

Continental islands described, 146. 
Copper, diffusion of, 187, 188. 

^Tor&l formations, four kinds of,* 149. 

- ■ reefs, 15f. 

Coringa, in India.*30i. 

Cotopaxi, height of, 101. 

Coucals, %enus of bir^,‘ 439.* 
Couroucou^speciej of bird, 444* 
Crater of elevatiog, definition of, 39, 

note . 

Crax £alecthr}*444. 

Crimt, decrease of, by education, 512. 
Crocodiles in generat, 425 ; of the 

- Nile, ib, ; of the rivers of India, *6. 
Crosier, *Captain, 222. 

Cuba, area and coast-line, 122 ; freight 
of its mountains, ib, 9 

Culture, its influence on the human 
form, 487. • 

Currents, causes of, 206; direction' 

| and velocity, ib. ; great oceanic 
currents, 207, 208; Gulf-stream, 
209; breadth of currents, 211; 
counter-currents, ib, ; periodical 
currents, 212; effect of currents 
on voyages, ib, 213; surface cur-e 
rents, 219; submarine currents, ib. 
Cusco, city, 100; reliques of the 
1 Incas, ib, 

Cush, or land of Ethiopia, 483. 
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CUTCH. 

Cutch, Run. of, 77. 

Cuvier, Baron, 20, 21, 503. 

Daman, or Hyrax, 468. 

Dangerous Archipelago, 151. 

Daouria mountains, 62. 

, flora of, 352. 

Darwin, Mr., his speculations on per- 
fect animals found buried in Sibe- 
ria, 21, 22; his * Travels fli South 
America' quoted, llff; on* Acon- 
cagua Peak, 304; on reptiles of 
Galapagos, 4279 

Dasyuvus, a genus of carnivora, 472. 
Da Vinci, Leonardo, his hydraulic 
operations, 238, note. • 

Davy, Sir Humphry, his discovery of 
. metalloids, 177 and note; his 
safety-lamp, 182, nuie. \ 

Day und night, duration of, 4. 

Dead Sea, depressionnof, 80 and note ; 
272. 

DecAndolle, M., on botanical regions, 
34<f; on grow til of trefis, 386 ; 
age of trees, i6.,*and note. * 
Deccan, table-land of, 75; its height 
and* composition,^ ib. ; structure^ 
76 ; soil, ib. " 

Deer, Asiatic, 4f>8, <459. # 

De Haven, Lieut., 219. 

De la Bfcche, Syr Henry, 6n w metalli- 
• ferdus, deposits, V79, 503. 

Dembia lake, 275. « 

Density of air, variations in, 289. 
Dcodard pine, 356. 1 1 

Desagivdero, table-land or Vallfey of, 
its dimension^ 99; its .area, 100. 
Dicotyledonous plants, 344. 

Dinornis, a fossil bird, 448; * 

Dip o&the horizon, 5. 

Distance estimated from known 
height of an object, 5. 

Dodo, an extinct birdy 447. 

Dogs, American, 465. 

Dolphins, 412, 413, 414. • 

Domestic animals, number of species, 
493. 

Donny, M., his experiments with 
boiling water, 172. 

Douglas, Mr., his account of an erup- 
tion of the volcano of Kirawah in 
1834, 158. 

« Dove, Professor, on mean tempera- 
tures, 286, and note. 


ECHIDNA. 

Dragon lizard, 426. 

Dry River, 84. 

Dugong, the, 417. 

Dumoulin, M. Vicendon, o depth of 
water in Strkits of Gibraltar, 37. 

Duncan, Captain, on submarine cur- 
rents^ 19. 

Dureau «de la Malle, M., on the 
climate of I&ly, 287, note . 

Dzeran goat, 457. 

Dziggetai,°the, 457. 

Earth, the, its insignificance in space, 
1 ; its internal fires, 2 ; instability of 
its shell, ib. ; changes which hate 
brought about its present state, ib. ; 
its future destruction, ib. ; its posi- 
tion in the solar system, 3, note ; 
its distaneg from the sun, ib. ; its 
annual and diurnal revolutions, 4 ; 
inclination of its axis, ib. ; its re- 
lative magnitude, ib. ; its figure 
and density deduced from the per- 
turbations in the motigiv* of the 
moon, ib. ; its cufvature, ib. ; 
modes of determining its form and 
size, 5, 6 ; Its radii, ib. ; its cir- 
cumference and diameter, ib. ; ex- 
periment to ascertain the value of 
its mass, 7 ; its mean density ip . ; 
increase in density towards the 
centre, iff. ;* Cbnstitution of its sur- 
face, 8 ; an idea W its Structure 

t obtained from miniij& ih . ; its an- 
tiquity, 23," 24;' unequal arrange- 
ment of labd and water, 27 ; an- 
cient intlrpftPacifoft^ f 

Earthquakes, 160-165; causes of, 
*461 ; propagation of the shock, ib . ; 
effect on the sefi, 162; elevation 
of the ground, «6. ; sound of the 
explosion, rate of progression of, 
162 ; velocity of the great oceanic 
wave, 163; comparative destruc- 
’ tiveness of earthquakes, ib. ; fre- 
quency of small shocks, 164; ex- 
tent of undulations, «&.; rapidity 
of destruction, ib. ; partial shocks, 
ib. ; effects of earthquakes on the 
configuration of the country, 165. 

Eagles, 432. 

East India Company, its tncourage- 
ment of science, 504, note. 

Echidna, 413. 


INDEX. . 


535 


EDENTATA. 

Edentata, 452; South American, 
467 P • 

Egede, M., on sea-serpents, 424. 
Kgeria, glanef^ 3. 

Ehrenberg, M., microscopic shells dis- 
covered by, 25. 

Eider duck, the, 444. 

Elbruz, elevation of, 48. * 

Electricity^ in generftl,. 322 ; of the 
atmosphere, 323. 

Elephants, fossil, multitudes of, in 
Siberia, 21, 25,255, note. 

, Asiatic, 459 ; African, 

4G3. 

• — , troops of in South Africa, 87. 

Elias, Mount, 128. 

Elk, the, 455. 

Elliot, Mr. Alexander, his expedition 
to the sources of the Ganges, 250. 
El-Teh, desert of, 78. 

Eltonsk, lake of, 273. 

Emigration, its effects in Great Bri- 
tain, 500. 

Em u^Australinn cassowary, 446. 
Emys7?resh-water tortoise, 428. 
Encircling reefs, 151. + 

England, earthquakes in, 161 ; it| 
coal-fields, 190. , 

Eocene period, the globe and ife in- 
habitants during, 18, 19. * 

'Equator, protuberant matter at, in- 
fluences and is influenced by • the 
moon’s motion, 6, note , 

Erebus, Mount, 175. 

„ Erie, lake, 276. 

*Erman, M., on evaporation, 305. 
Esnenhago, chain of 107. 

Esquimaux, 475. 

Ethiopian races, 476. % 

Etna, manner of its explosions, 1 60. 
Europe, mountain systems of, 34 ; 
geological view of, 45 ; mean 
height and area of, 138. * 
European, mountains, frequency of 
deep lakes in, 41 ; geological notice; 
45,46. 

Evaporation in different regions, 304. 
Everest, Mount, 5. 

Factory labour, 513. 

Falkland islands, vegetation of, 381, 
382. 

Faraday, Dr., on magnetic properties 
.of matter, 337. 


GENEVA. 

Fennec, 463. 

Feroe islands, 65. 

Fichtelgeberge, area of, 40. 

Fins, the, 480. 

Fire, subterranean lakes of liquid, 2 ; 
volcanic, its agency in the forma- 
tion of rocks, 9. 

Firefly, the, 397. • 

Fishes, fossil, 22; geographical dis- 
tribution, 399; skeletons of, 400, 
note ; migration of 401 ; fresh- 
water, 402. 

FitzRoy, Admiral* 277, 487, 498. 

Floras of different countries, 347. 

Fogs, how produced, 307. 

Fonseca Bay, 277. 

Forbes, Professor E., on British fauna 
and flora, 20, flote ; on primary 
floras, 347 ; on Egean fuel, 389 ; 
on the influence of depth on ma- 
rine animals, 207; on .the Medi- 
terranean, 408. 

— , Professor James, on glaciers, 

45. • 

Fprmflso, population of, 476. 

Fossil remains, immense quantity of, 
25. 

Foulahs, an African nation, 477. 

Fourier’s theory of central heat, 282. 

Fox, thf, 4551 * 

, on metalliferous deposits, 

179. • . . 

France, its hjfeh lands* 39; mean 
height of ifc» flat provinces, 68; 
ftneanselefation of, 138.. 

F^uiklinJGir John, 504. 

Friiigilliaae, gcnu%of birds, *436. 

Frogpj, 418-421. 

Fucip or sea- weeds, 387. 

Fuego, volcano de, 118. 

Future state, a universal* belief in, 
488. 

Galago, gehus/>f Lemurida, 464. 

Galapagos islands, flora of, 371 ; 
blinds of, 445; mollusca of, 406, 
407. 

Ganges, valley of the, 75. 

Gardner, Mr., his computation of the 
extent of dry land, 28, note. 

Gay Lussac, M., 28, note. 

Gecko, a species of lizard, 427. 

Gems, diffusion of, 193, 194. 

Geneva, lake of, 271. 
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GEOGRAPHY. 

Geography, physical* definition of, 1 ; 
effects of the intellectual superiority 
of man among its most important 
subjects, ib, ; connexion between it 
and geological structure of coun- 
tries, 33. 

Geological view of £urope, 45, 46. 

Geqlogy, outline of, 8-26. 

Georgian race, 475. 

Gerard, Captain, his estimate of the 
mean height of the Himalaya* 53 ; 
notices of its Vegetation. 55 ; snow- 
line, ib. ; height of tne snow-line 
on mountains of fliddle Asia, 140, 
note. 

Gerboa, or Jerboa, 457. 

Geysers, 172 ; Great Geyser, ib. ; 
Strokr, ib. • 

Gibbon, a genus of monkeys, 460. 

Gibraltar, Strait, depth of, 37. 

Gipsies, number of, 481. 

Giraffe, 462. • 

Glaciers, 43-45; their rate of mo- 
tion it* the Alps, 44 ; their com- 
position, ib. ; their ^normous pres- 
sure, ib. 

Glutton, 455. 

Goatsuckers, 436. *«, 

Gobi, Great, area an<J elevation of, 
60 ; climate, ib. ; mean ‘height, 
139. 

, desert of, 274. 

Gold, diffusion of, 133, *'184 ; amount 
of, exported from 4 Australia in 
1856, 14,5; from California, during 
six months of 1857, ib. * m ^ 

Fields, Australian, 14^. , 

Gonupg-Api, volcanic island of, 155. 

Gothard, i$t., pass of, 41. , 

Gough’s Island, 424. 

Goura, or %reat-crowried pigeon, 439. 

Grampian hills, 65. 

Grampus, 414. * . 

Gran Chaco, desert of fc 109. 

Gran Sasso d’ Italia, height of, 4g. 

Gravitation, variations in its inten- 
sity, 7. 

Great Central Plain of North America. 
See Mississippi, valley of. 

Great Northern Plain, 67-72; its 
soil, 67; geology, 71, 72. 

Grecian mountains, 42, 43. 

Groks, 475. 

Grden, Mr., 28, note. 


I E0PKINS. 

Greenland, 168,' 169 ; flora of, 372. 

Greenwich Observatory/ 502, note. 

Gregory, Mr., exploring expedition in 
Australia, 143. 

Guacharo, the, 443. 

Guan, a gallinaceous bird, 444. 

Guanaco, 469. 

Guasaculcff river, 277. 

Guatemala! tableland of, ^118 ; fer- 
tility, »6. ; elevation, *6. } volcanos, 
ib. • 

Guinea, North, 84. 

, New, its size, 148 ; height of 

its mountains, ib. 

Gulf of Mexico, 227. 

Gurla, mountain of, 274. 

Hail, how formed, 315. 

Haiti (San Domingo), dimensions, 
121 ; its mountains, ib. 

Halos, 320. 

Harvey, Professor, oh marine plants, 
388. 

Haudramant, depth of loose sand in, 
77, 78 ; tradition concerning' 78. 

HaVr\i, volcanic mountains in, 158. 

Hebridies, 65, 66. • 

Heckla, M^pnt, 171. * 

Hedgdhog, 455. 

Heigifts of places, table of, 516. 

Helena, St., 331. r 

Herydiel, Sir John, on the earth’s 
orbit, 281 ; on cause o£ revolving 
storms, 291. " 

Highlands of the Great Continent, 47. 

Himalaya chain, 52 ; geheihl struc- 
ture, ib. ; meanbeight, 53 ; height 
of its peaks, valleys, #4; 

. glairs, ib.; snow-line, *6.; cli- 
mate, 55 ; range of vegetation, ib. ; 
passes of, ib. 

Hindostan, plains of, their extent, 74; 
penins&la, 751 

Hippelaphus of Aristotle, 460. 

Hippopotamus, 462. 

H'Lossa, city of ? 58. 

Holland, depression of, 68. 

Homoiozoic belts, 400, 401, 402, 403. 

Hooker, Sir William J., 503. 

— — , Dr. J. D.; Antarctic algas, 
390. 

Hopkins, Mr., his theory of fissures, 
35; on the internal state of the 
globe, 282, note • 
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HOItEB. 

Horeb, Mount (Jebcl fioura), 78. 

Horizon, its djp, 5. 

Horse, 459 ; varieties of, 465'; fossil, 
456. 

Hot sprigs, 159. ' 

Houtias, a gnawing animal, 471. 

Human races, 474; * permanency of 
type, 484; discrepancy »of their 
colour, 484, 485* # • 

Human constitution, its flexibility, 
485. 

Humboldt, Baron, his ‘ Cosmos,* v. ; 
on the inclination o{ the Peak of 
Teneriffe, 82 ; estimate of the mean 
height of the Himalaya, 53; on 
the silvas of the Amazons, 110; 
on the influence of table-lands and 
mountains on the mean height of 
continents, 138 ; estimate of height 
of mean crest of the Pyrenees, 138, 
note; measurements of highest 
peaks and mean heights of several 
mountain-chains, 139, 140, note; 
notice of an earthquake at Kiobamba 
in }63 ; his statement of the 

quantity of the precious 
brought to Europe from America, 
186 ; on river-floods, 236. 1 

Humming-birds, 443. 

Hu^£er,.John, 503. 

Huron, lake, 2f6. 

Hurricanes, 297; hurricane in Ire- 
land in 1839, 299. * 

Hutton, metamorphic rocks, 9. 

Hyama, Asiatic species, 459; African 
species, 464. 

Hydraulic systems of Europe, 236, 
2?^ ; divisions, 237 ; system of 
the Volga, ib. ; the Danube,# *6. ; 
origin of the application of hydfau- 
lics to rivers, 238 ; system of Bri- 
tain, t‘6., 239. 

Hydrogen, influence on vegetation, 
340. 

Hydrographic Office, Admiralty, 503. 

Hygeiii, planet, 3. 

Hygrometer, 304, note . 

Hyla, or tree-frog, 419. * 

Hyrax, or daman, .463. 

Hyrcaaian mountains, 40. 


Ibex, or wild goat, 455. 

Ibis, the sacred, 441 ; the red, 444. 


JAPANESE. 

Ice, quantity in the Alps, 43 ; rivers 
of, ib. t 

Ice, polar, 215-218; area of, in the 
Arctic Ocean, 217 ; north polar 
,ice, packed ice, 16 ., 218; ice- 
bergs, 215, 218-220 ; colours of ice, 
218. 

Ice mountains, 59. 

Icebergs, 215, 218-220. ’ 

Iceland, 170-174; ice-clad mountains, 
17(); glaciers, ib. ; desert, * 6 . ; 
volcyios, 171 ; erujjtions, $ 6 .; gey- 
sers, 172, # 173; fiords, 173; pro- 
ducts, ib. ; climate, ib. ; storms 
173, 174. 

Iguana, 1 7. 

Ichneumon, a carnivorous quadruped, 
455. * • 

India, flora qf, 355. 

Indian Archipelago, islands of, 148 ; 
their importance, 149 ; surveys of 
their coasts, %b. ; flora of, 359. 

Indian desert, 76. 

Indo-Chinese peninsula, 74 ; i£s popu- 
lation, 476. 

Inglefield, Captain, 220. 

Inland seas, 225. 

Insects, geographical distribution of, 
392 ; nunyier of, » 6 . ; division into 
families, ib.p note; destruction of, 
393 yjnote; migration of^397. 

Iran, pTafeau of. She Persia. 

Ireland, its scefiery, 66 ? coal dis- 
tricts, 191. • 

Iron* dii£usi«n of, 1 89 ; % quantity 
manufactured in Britain in 1848, 
fth*nofc; use# % ib. ; valfte of, in 
France, in 1838, ib. 

Isatis fox, 465. 

Islands, their relative extent to that 
of the continents, 28; clarification 
of, 145-147. • 

Isothermal lines, €85. 

ltaml$, mountain^ height of, 107. 

Jackal, 464. 

Jaguar, or American tiger, 466, 468. 

Jamaica, its area, 121 ; mountains, 
ib. ; extent of coast, 122 ; tempera- 
ture, ib. 

Jan Mayen, island, 174. 

Japan, flora of, 356. 

Japanese, 475. 
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‘JAVA. 

Java, volcanos of, 156 ; height of 
volcanic mountains, ib. ; destruc- 
tion of a mountain in 1772, tb.; 
character of the coast, t*6. f “ Valley 
of Death," 160. 

Jebel Houra, 78. 

Otkdar, height of, 77. 

Jewish population of Europe, 481. 
Johnston, Mb. Keith, his Physical 
Atlas, vi, vii ; 58, note. 

Jordan, valley of, its fertility, 80; 

its depft.ssie. 1 , ib. * . 

Jordan, river, 272. 

Jorullo, volcanic done, its sudden ap- 
pearance, 125. 

Jukes, Mr., his description of the 
rolling of the billows along the 
great Australian barrier-reef, 152, 
153. ' 

Jura, elevation of, 41. 

Jurassic group, 14. 

Kailas Peak, 8. 

Kalahari desert, 84, 88. 

Kal muks, 476. r 1 

Kami chi, a gallinaceous bird, 444. 
Kamies Berg, elevation of, 88. 
Kamtchatka, flora of, 3>§1- 
Kane, Dr., 220, 221. . 

Kangaroo, 472. 

Kpngaroo’rat, ib.* 

Kelat, elevation of, 50. 

Kellet^ Capt., 224. 1 
Kenia, mount, 89. r . ’ p 

Kerguelen Land, vegetation of, 380, 
383. •- • * ‘ 1 

Keyserling, Count, 63. 

Khotaif, plateau of, 52, 59. 

Kiang, wild ass of Tibet, 456. 
Kilimanjaro, the, 89. 

Kingfishers, 436. 

Kinkajou, the, 466t 
Kirawah, volcano of, \58; irmption 
in 1834, ib. * 

Kirghiz, steppes of, 70. V 
Koko-nor lake, 274. 

Kolobeng, 85. 

Korobst’s ethnographic map, 482. 
Kosciusko, mount, height of, 142. 
Kourdistan mountains, 49. 

Kuenlun (or Chinese) mountains, 52, 
4*59. 

Kurile Islands, volcanie vents of, 60. 


LLANOS. 

Laccadive Archipelago, 151. 

Ladak, 353. 0 ■ 

Ladoga,' lake of, 271. 

Lagoons and Lagoon Islands, theories 
of their formation, 153, Cl 54, and 
note. See Atolls. 

Land, dry, its .area, 27; its propor- 
tion to the ocean, tb. ; relative 
quantity in c the northern and 
southern hemispheres, 28; unex- 
plored, ib . ; area of, in the various 
continents, ib . ; polar lands, ib. ; 
tendency of land to assume a penin- 
sular form, 29 ; changes in its level, 
165, 166. 

Languages varying, 477 ; number of, 
478; derivation and comparison 
of, ib . ; affinity, 479, note; spoken 
in Britain, 482. 

Laos-Siamese chain, 74. 

La Paz, city, 100. 

Lapland, flora of, 351. 

Lasistan mountains, 50. 

Latitude, sine of, 6, note. 

Lnyard, Mr., his antiqwv tun re- 
searches, 247, note. 

Lead, diffusion of, 186, 187. 

Lebanon, mountains of, 79. 

LeifhartfMr., 178, note . 

Lemiurs, 460, 464. 

Leon or Managua, lak$, of, 277. 

1 ' 459. 

Lesfie, Sir jShn, 318, note. 

Lefry, Professor, 193, note ; 279, 

■ note. 

Life, duration of, in different classes 
of society, 513. 

Light, composed of different ^^rays, 
3^7; its properties, tb.; absorbed 
tfy the atmosphere, tb.; polarised, 
321 ; influence oh vegetation, 345. 

Lightning, 324, 325. 

Linokfrhoka, ** Rivers upon Rivers," 
85. 

Lion, the, 463. 

Litako, in South Africa, 499. 

Livingstone, Dr.,' his discoveries in 
South Africa, 85-89. 

Lizards, 426. 

Llama, 468 $ on its naturalization in 
Europe, 469, 470, note. 

Llanos of the Orinoco and Venezuela, 
110, 111; area of, 111; charac- 
ter^ ib . ; climate, tb.; floods and 
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LOCUSTGU 

' conflagrations, *6. ; temperature, 
ib. • • 

Locusts, flights of, 898, 

Locks oi^ canals, early use of, 238 ; 
their application By Leonardo da 
Vinci, «6., note. 

Lophophorus, a bird, 438. 

Lop lake, 274. * , 

Lorie, a genus of parr6ts, 439. . 
Loudon, Alex., Esq., account of the 
“ Valley of Death,” in Java, 160. 
Loxa, mountain-knot of, 101. 

Lucerne, lake of, 271. 

Lyfell, Sir Charles, division of ter- 
* tiary strata, 18 ; Pliocene deposits, 
22 ; on the Alleghanny mountains, 
132; on the fossiliferous rocks of 
northern Europe, 137 ; on the coal- 
fields of North America, 192 ; on 
the number of existing species of 
animals, 473. 

Lynch, Lieut., 272. 

Lynx, the, 455. 


MacCormick, Robert, his description 
of the first view of Victoria Land,, 
174, 175. 

Mace-plant, 359. - 

Madagascar,. 83 ; fauna of, 464; in- 
* habitants of* 47 6. 

Mageroe Island, 314. 

Maggiore lake, 271. 

Magnetism, 328. 

Magnetic poles of the eanu, o*o. 

- intensity, force of, 329. 

■ ■ variation of declination, 331. 

V— needle, hourly variation of, 

331-333. 

Magnolias, region of, 373. 

Maize, or Indian corn, origin and 
culture of, 375, 385. 

Makololos, African tribe, 87. * 

Malabar, extent and height of its 
mountains',. 76. 

Malayan races of man, 476. „ 

Maidive Archipelago, its dimensions, 
151 ; size of its atolls, ib. 

Malurus, 440. 

Mammalia, division into groups, 451 ; 
geographical distribution,* 452; 
migration of, 453 ; instinct of, ib. 

Man, division into races, 474; his in- 
fluence on the material world, 491. 


MIDDENDORF. 

Manasa, or rManasarowar, lakes" of, 
274, 456. 

Manatus, or lamantin, 417. 
Manchoutfa, 73, 356. 

Manfredi on the rate of rise in the 
bed of the ocean, 23. 

Mango, a fruit, 361. 

Mania, 464. 

Mankind, numbers of, 474. 

Marabous crane or stork, 441. 

Marine animals in general, 399. 

— * •cetacga, 413. 

mammalia* classification of, 

412. 

vegetation, 387. 

Marriages, average number of, annu- 
ally,^, 515. 

Marsupial or pouched quadrupeds, 16, 
451,452.* 

Mastodon, the, 19. 

Maury, Lieut., ^40, note ; 294, note . 
Maxengo, ^Sierra, 89; its elevation, 

M’Clure, Capt., in the Investigator, 
223*224. # 

Mediterranean Sea, volcanoes of, 159 ; 
its area,. 225; comparative tem- 
perature, ibf, note ; sources of sup- 
ply, 226 ;• depth, ib. ; tides and 
currents, ib. f bed* 227 ; coasts, ib. ; 
its influence on European civiliza- 
tion, 489. * 

Mekram, desert qf, 77. 

Melliphagid®, genus of birds, 439. 
Mendoza, ti'pAmnce of Soutl* America, 
W.. 

Menopoma, genus of reptiles, 421, 
Menura, or lyre-bird, 446. 9 • 

Meridian, terrestrial, 5; arcs of, mea- 
sured by M. Bqssel, »6. ; Jpgth of 
a degree of, ib. ; measurement of an 
arc at Quito, 101. ° 

Metals, list ofjl.7?, note ; diffusion of, 
183. 

Metalliferous deposits, 180, 181 ; di- 
rection of, 179; peculiar to par- 
ticular rocks, 180, 181. 

Metalloids, list of, 177, note. 

Mexico, table-land and mountains, 
124, 125 ; dimensions, 124 ; city of, 
125 ; volcanoes, ib. ; Barancas, ib. ; 
vegetation, ib. ; flora, 374. 

Midas, a genus of monkeys, 467. 
Middendorf, M., 63, note. 
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MILLAR. 

Millar, Mr. Hugh, old red sandstone 
of Scotland, 12. 

Millet, its cultivation, 385. 

Mindanao, population of, 476. 

Mines, mode of opening, 181 ; drain- 
age, ib. ; ventilation, 1 82 ; access, 
t‘6. ; depth, ib. 

Mineral produce of Great Britain, 
value of, in 1856, 191. 

-• veins, parallelism of, 33 ; 
filling of, J178 ; richest neUr the 
surface, 179. r < 

Miocene period, thp globe and its in- 
habitants during, 19. 

Mirage, 319, 

Missionaries, 85. 

* in New Zealand, success 

of, 499 ; in South Africa, 500. 

Mississippi, valley of the, Its area, f29 ; 
table- land, ib. ; general character, 
ib., 130; southerp desert, 129; 
marshes, 130; the Grtbd Saline, 
ib. ; prairies, ib. ; forests, ib. ; new 
state#, 131 ; principal lakes f ib. 

Mitchell, Mr., 7 ; rn the causes of 
earthquakes, quoted, 1G2. 

Mongol Tartar races, 475. 

Mongolia, its situation ^O. 


Monitor, genus of rcptRes, 17, 426 ; 

fossil, 426. * v 

Monkeys^ African, 463; American, 
466. < |t ^ 

Monocot-yledonous plants, 344 ; aqua- 
tic, 347. 

Monotrei&afa, 452. ' ' ( 

Monsooqs, 295, and note. * <. c 

Moot Blanc, its height, 40 ; quantity 
cf ice on, 43. 

Moor?, the, its influence on, ai.d dis- 
tance Jrom, the parth, 4; its per- 
turbations show the compression at 
the poles, *6. ; inequality in its 
motions produced by, matter at the 
earth's equator, 6, note. 

Moorcroft, Mr., 353, c 

Moose-deer, or elk, 465. 

Moraines, 44. 

Mosasaurus, 426. 

Moscow, height of, 68. 

Mosquito, the, 396. 

Mountains, forms of, 32 ; contempo- 
raneous upheaval of parallel moun- 
t tain-chains, 33-35 ; intemiptions 
in, 35 ; table of the. heights of the 


NORFH-WESTERN. 

principal mountains of the globe, 
516. 0 

Mountain-chains a barrier to insects, 
394. f 

Mountain systeftis of Europe, 34. 
Mouflon, 454. 

Mowna Koa mountain, 300. 
Jfl 4 Quha£ Capt , 424, 425. 

Murchison, Sir ‘Roderick I., on forma- 
tions in the Silurian rocks, 11 ; 
Devonian rocks, . ib. ; Permian sys- 
tem, 13, .17 ; on tlic geology of the 
Altai chain, 62; observations on 
Siberia, 63, note ; researches in the 
Ural mountains, 67 ; on the geology 
of Eastern Europe, 72; predicts 
discovery of gold in Australia, 144. 
Museum, British, improved state of, 
503. 

■ - - of Practical Geology, 503. 

, Hunterian, 503. 

Musk-deer, moschus, 459. 

Musk-ox, 465. 

Musk-rat, or musquash, 46.^ , ir 
Mycetus, or Beelzebub n?onkey,467. 
Mysore, table-land of, height, 76; 
... soil, ib. * 

Myvatr, 396. 

Narwhal, or monoceros, 413. r 
Negro tribes, 476. ■’ 

Nbjed, province of Arabia, 458. 
Newfoundland, population of, 133 ; 

distance from Ireland, ib. 

New Ireland, people of, 47G. 

— : — Siberian Islands, 174. 

Zealand, flora, 370 ; birds, 447 ; 

fauna, 471 ; inhabitants, 476 f suc- 
cess of Missionaries in, 499. 

Nevado of Aconcagua, height of, 97. 

of Cayambfe, height of, 101. 

Ngami^lake, 85, 275. 

Niagara', river and fall of, 276. 
Nicaragua, plain and lake, area of, 
117 ; lake and isthmus, 277. 

JHger, the, 244-246. 

Nile, valley of, 84, 92 ; river, 241- 
24i>. 

Nilgherry mountains, height of, 76. 
Niti or Netee Pass, 55. 

Nitrogen contained in the air, 341 ; 
in plants, 340. 

Nitriin, valley of, its convents, 93. 
North-western passage, 221-224. 
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NORWAY. 

Norway, charcter of dt coast, 65. 

Notorms, fossugbird, 44&. 

Nova Zemlia; flora of, 351. 

Nutmeg, the plant, 359. 

Nyassi, ldke, 89. , 

Oct an, Ihe proportion it bears to the 
land, 27; mean depth qf, 140; 
its bed, 195 ; size, 1§6 ; sand-banks, 
197; pressure, 198; colour, <6. 
199 ; saltness, «&., 200 ; tides, 200- 
203; waves, 203-206', currents, 
206-213, temperature, 214, 215, 
polar ice, 215-219: inland seas, 

* 224-229; agency of the ocean m 
changing the surface of the eaith, 
229. 

Oitz, lake of, 275. 

Okhotsk, gulf of, 291. 

Oman, height of its mountains, 77. 

Onega, lake, 2# 1. • 

Ontauo, lake, 276. 

Oolitic, or Jurassic group, 14. 

Opossum, 466, 467. 

Oiangfitive/, 82. 

O urang-o utang, 460. 

Onental plateau. See Tibet. 

Ounoco, nver, 105 , its cataiacts, «6. • 

Omythorhynchus, 472. * ^ , 

Osoyjl itions of the pendulum. +See 

• Penduluxq. , 

Ostrich, the Afucan, ; the Ameri- 
can, 444. ,« 

Otter, the, 455. 

Owen, Professor, his discoveries as* a 
geologist, 20 ; on sea-serpent, 424 ; 
on British fossil quadrupeds, 456 ; 
c ^npar&tive anatomist, 503. 

Owhyee, its volcanos, 158. 

Owls, 436. 

Ox, varieties of, 458. 

Oxygen, its influence on vegetation, 
340. • 

Paca, 471. 

Pacaya, volcano of, 118. 

Pachydermata, 451, 452. 

Pacific Ocean, islands of, 147; vol- 
canic lslpids m, 155 ; great volcanic 
zone in,%6. ; areas of elevation and 
subsidence in its bed, 157 ; its size, 
196. 

Btdsepthenum, 19. 

Falapteryx, fossil bird, 448. 


PERSIA. 

Palms, distribution of, 362. 

Palte, lake of, 274. 

PamirjT thble-land, 274. 

Pampas of BuenoB Ayres, 108, 109 ; 
their elevation, 109; 'floods, »&. ; 
conflagrations, t&. ; geology, 116. 

Pamperos, hurricanes, 298. 

Panama, plains of, extent, 117. 

Pandanus, genus of plants, 359. 

Pangolin, or mams, 459. 

Panthers, ^459. 

Panzoh. salt lake, 58. « 

Paradise, birds of, 439. 

Panma, mountau# system of, 105, 
106; Siena del Parima, 105; mu- 
sical rotA m, 106. 

Parry, Sir hdwaid, 504. 

Parry Mountains, 1^5. 

Passages across the Atlantic, 297. 

Patagonia, desert of, 108, 109 ; cli- 
mate, 108; geology. 111. 

Peccan, or*6ou4h Amen can hog, 466. 

Pelasgic islands, descnption of, 146. 

Peltier’s expenments on the heat of 
the iarth f 280. 

Pendulum, 6 ; • its oscillations in- 
fluenced by gravitation, * 6 . ; va- 
liations m, ,*7 ; expenments wifh, 
for ascertaining compression at 
the pqjes, affected by Volcanic 
islands, 1 6 . 

Penguin^, southern (Aptenodytes), 
445. 

Peninsulas, their southward teqd- 
epey, 29 ;*form, tb. 

Penny, Capt., 220. * 

Pef5tland,^Vlr., vii.^ 96 ; hia*raeasure- 
m^its of Cordilleras and mountains 
of the Andes, 99, note ,• anil of 
their passes, 104, note; his dis- 

• covery of a vdlcamc crater m the 
valley of the Yucay, 112^ note ; 
and* of fodhl shells m BoliVia and 
Peru, 114*, on measurement of 
highest peaks hnd mean heights of 
several mountain-chains, 139, 140, 
note, on horary variation of the 
barometer, 291 ; on the naturali- 
zation of the Llama tribe, 469, 470. 

Pepper-tree, 359, 360. 

Pei fume of flowers, cause of, 342. 

Permian system of bir R. Mulchison, 
13. 

Persia, table-land of (Plateau of Irad), 
2 o 
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PETRA. 

47; extent of Persian mountains, 
49; great salt desert, 50; flora, 
855. 

Petra, appearance of its site, 78. 
Petrel, stormy, the, 434. 

— - genus, or Procellaria, 434. 
Phacochoerus, or African hog, 463. 
Phalanger, 472. 

Pheasants, different species of, 438. 
Phocae, or seals, 412, 413. 
Photometer, 318, note. 

Physalia, 405* 

Physeters, or cachalots, d!4. c 
Pichincha, height cf, 102. 

Pim, Lieut., 224.* * 

Planets, catalogue of, 2, 3, We ; their 
magnitude relative to that of the 
* earth, 4; their influence on the 
earth's motion, ife. 

Plants, fossil, 26. 

— , noui ishment of, 338-340 ; ele- 
ments of, 340; sleep of, <B43 ; pro- 
pagation of, ib. ; divisjpn of, 344 ; 
geographical distribution of, ib. 
Pliocene* period, the earth and cits in- 
habitants during, 19, 20 ; changes 
during, 21, 22 ; discoveries of per- 
fect animals buriedvin this period, 
21. 

Poeppig, Dr., hist * JVivels? quoted, 
96, 97, 185, 186. 

Pole, Nortn, reasrns for the Existence 
of sea at^ 220. < 

PojeS, compression at; ascertained by 
perturbations in the, moon's r mo- 
tions, 4*; by oscillations o l the pen- 
dulum^ 6. * ' 

Polynesia, flora of, 371. ® 

PolJpleCcron, genus of birds, 438. 
Pontoppidan, or sea-serpent, 42k. 
Popocatef etl, mountain, 125. 
Porcupine, 455. 

Porpoise, genus of, 413.* 

* Porto Rico, dimension^' and climate, 

121 . 

Portugal, flora of, 354. 

Potato, country of, 379. 

Potosi, the, height of, 98, note ; city 
of, its elevation, 100; Its mines, 
186. 

Prairie dog, a marmot, 465. 

— wolf, 465. 

Prangos, 353. m • 

Piongbuck antelope, 465. 


RIVEfy 

Proteus anguiAis, 421. # 

Puma, or American Hop, 466,* 468. 

Punjab, 76. 

Pyrenees, 37, 38. 

Python, genus qf snakes, 42£. 

Qttadrtjmana, or monkeys, 451. 

Quadrupeds, European, 454; Asiatic, 
456; •African, 461; American, 
464; Australian, 471. 

Quagga, species of horse, 462. 

Quarterly Review referred to, 184, 
note . 

Quebec, summer of, 287. 

Quicksilver, diffusion of, 187. 

Quito, valley of, its dimensions, 102 ; 
city of Quito, ib. ; monuments of 
the Incas in, tb. 

Quotlamba mountains, 82, • 

Races of mantind, 4*4 ; inhabiting 
Europe, 480. 

Radii of the earth measured by M. 
Bessel 5. 

Rakas-tal lake, 274, 456.. m '* 

Railway, Bardonnfeehe to Modane, 41. 

Ram, cause ef, and distribution, 308- 

1 314. 

Rains, periodical, 310 ;• countries 
without, 312. 

Rambows, 320, 321. 

Ramayana, the, ,477. 

Rattle-snakes, .422. 

Realejo Bay, 277. 

Rsdfleld, W. <3., on storms, 301. 

Reid, Colonel, on storms, 301. 

Reindeer lake, 276. 

Reptiles, classification «of, 418 ;/geo- • 
graphical distribution of, 420. 

Resolute, the, finding of, 219. * 

Rhinooeros of Asia, 459; of Java, 
460.; of Africa, 462. 

Rice, cultivation of, 385. • 

Richardson, Dr. Sir J., his account of 
the fauna of North America quoted, 
224, 504. 

Rivers, oi igin of, 282 ; course of, 233 ; 
velocity, ib. ; junction of rivers, 
234; influence of wincL and frost, 
ib. ; deltas, *6. ; tides, ; floods, 
235 ; inundations, ib. ; heads of 
rivers, 236. * 

Rifer system of South Africa, 86 ; its 
base, 88. 
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Rocks, their division iiftp four classes, 
8 ; i. plutoqic rocks!#. ; ii. vol- 
canic" rock*, 9; iii. petamorphic 
rones, «6. ; iv aqueous rocks, 10 ; 
rocks pierced bylaya, 9-$ Arduino 
and Hutton’s theoyr concerning, ib. ; 
forms of, 32 ; height of calcareous 
rocks in the Alps, 45 . , 

Rocky Mountains, 12^ 126* 
Rodentia, or gnawers, 452; Ame- 
rican, 466. 

Rogers, H. his 1 Physical Geo- 
graphy- of North America * quoted, 
134. • 

Rorqual, a species of whale, 415. 

Ross, Sir James, his account of a gale, 
355-356, 504. 

Ruminating animals, 451, 452. 
Russell, J. Scott, Esq., his * Theoiqr 
. of Waves’ quoted, 204. 

Rye, cultivation of, .384, 

Rynchops, a genus of birds, 321. 


SIbtne, General, v.; experiments with 
th^ jfcdujum, 6, note , 7 ; on terres- 
trial jpagnetism, 329, *504. * 

Saquis, bushy-tailed monkeys, 467; 

Sahama, trachytic dome of, its height,* 
112 . 

Sahara desert, 91, 92. 

Salamanders, £21. 

Salt, diffustoi of, 195J, 193. _ 

Samojedes, 481. * J 

Sandwich Land, vegetation, 380. 

Santa Martha, group of, 103. 

Saratov, 273. 

Saurians, orehv of, 425. * 

Say^nsk chain, 457. 

Scandinavian mountain system, J>4. 
65; extent apd elevation, 64 ;"part 
of the same lystem aa those of 
Feroe, Britain, Ireland, and north- 
eastern Iceland, 65, 66. • 

Schlagintweit, brothers, pass of the 
Himalaya, 55; discovery of hot 
springs, 159 ; on surface-water of 
Atlantic and Pacific, 199. 

Schoenbein, Professor, ?79, note. 

Schomburgk, Sir Robert, on water 
communication in South 'America, 
267. 

Schools, ragged, 513. 

Scink, a species of lizard, 427. 

Sclavonic® races, 480. 


SOUTH SHETLAND. 

Scoresby, Dr., 204, note . 

Scorpions* 597. 

Scotland, ‘ its mountains? «65,* 66 ; 
direction of,- 65 $ table-land, height 
of, ib. ; lakes, #•; earthquakes, 
161 ; coal-measures, 190. 

Scythrops, genus of birds, 446. 

Sea; its mean depth, 8;%ise and fall 
of, after an earthquake,^ 6 2. 

serpents, pretended, ^24. 

snakes, 424. 

Secreftry-blrd, the, 44Q. 

Sedgwidk, Ifr., mountains of West- • 
moreland, 34. • 

> SelwLtu, African chief, 87. 

Serpents, or ophidians, 421 ; venom- ' 
©us, 422 ; innocuous, 423 tree,* 
ib. . * ■ » 

Shahee lake r ‘272. . 

Shooting stars, 4, note. 

Siberia, its area, 70 * mineral riches, 

• ib. ; soil, ib. ; climate, ib. ; flora, 
350. . 

• Sicily, plants of, 354. 

Sierra do Mar, >07. 

— dos Vertentes, 107. 

Silk-worms, 3§7. 

Silvas of thd Amazons, 109, 110; 
dense # vegettftioq, 109; area of 
woodland, 110; Humboldt’s de- 

scriptlbn of, ib. « • 

Silver, diffusion, of !84-ljJ6 1 in sea-* 
water, 200, note. 0 

Siiqpyang^a^pecies of ape, 460. 

Sinai, group of, 78, 79. 

Siifc o?tht latitude, 6, note* 

Sir-i-Kol, lake of, 274. , 

Skaptar Jockul, eruption of,4n W83, 
17f. 

Skua gull, 434. • 

Slave-lake, 276. 

Sleet, nature of, <3 1 5. 

Snae Braen, Jtea of, 64. 

Snow, how produced, 314; form of 
its Crystals, ib. 

Snow-line, its height on mountains in 
different latitudes, 314. 

Solar system, 2, 3, note. 

’ Soudan, 275. 

South magnetic ^pole, its situation, 
175. 

Senegaxnbia, 91. 

South Shetland, vegetation, 381. 
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SOUTH WALES. 

South Wales, New, . character o£ the 
country, 141 ; structure, 142, 

Spam, its* mountains, * 37—39 ; table- 
land, area of, 88 ; plants of, 354. 
Spiders, numbers of, 397, 

Spitsbergen, 169. 

Springs, their origin, 230; inter- 
mittent, *231 ; temperature, «6. ; 
hot springs? ib. ; medicinaTsprings, 
232 ; saline springs, ib. 

Squalls, arched, 302. ' 

Squirrels, flying, 460. * ‘ 

Steam power, amount*. of, in Great 
Britain in 1833* 181, note, 

St. Elias, mount, height of, 128^ 
Stekio, pass of, its height, 41. * 

Steppes of Eastern Europe, 68, 69 ; 

6 great extent qf, 68; climate, 69; 

soil, ib. ; atmosphere, ib. 

St. Lawrence, river, 27tf. 

Stonefield slate, 15. 

Storms, rotator/, 299 c ; waves, 3(U. 
Strata, primary fossiliferous, 10; i.- 
Cambrian, ib.; ii. lower Silurian, 
10 ; P iii. upper Siluriw, ib. ; 
tyounger palaeozoic, 11; Devonian, 
ib. ; carboniferous, 12, 13 ; moun- 
tain limestone, 13;.{nagnesianlime- 1 
stone* ib. ; new red 'sandstone, 14 ; 
oolite, 14, 15o* (Srqtaceops strata, 
16, 17 ; tertiary strata, divided by 
Sir Charles Ly?ll into Eo6ene, Mio- 
cene*; ai?d Pliocene, 18; boulder 
formation, 22 ; parallel direction of 
contemporary strata, ,34* r 
Strata, tertiary, of the Alps, c heignt of, 
45 ^ 46 . *• * C . 1 

Strachey ^Colonel^ table-land in'nanor, 
54 ; elevation of the sacred lakes of 
Manasarowar, 56 ; description of 
Western Tibet, 57 ; fall of snow at 
Leh, 58; on mountain chains in 
Tibet, ib. t 

, Mr., snow-line^ on Himalayan 
mountains, 54. c 
Sturt, Captain, 281. c 

Sudetes, the, 40. 

Sues; projected canal of, 501. 1 
Sulphur, diflhsion of, 193. « 

Sumatra, character of the island, 156. 
Sumbawa, population of, 476. 
Summa'Paz, Sierra de la, 103. 

Sun, his mass, 4; heating power, 
w 281. 


TIBET. 

Superior, Laid* 276. 

Symonds, Li/ut. A., op the depression 
of the Defd Sea, 80, note. 

Syren, genus of reptiles, 421. 

Syria, its soil, 79; detertbration of 
the countiy, 7$, 80 ; shrinking of the 
strata, 80 ; mountains, 79. 

Swampy area of, in Denmark, 68. 

C • w 

Table-lands, their soil and climate, 
36. 

— Mountain (Cape Town), its 
height, 81. 9 

Taganyka, African lake, 89. 

Tahiti, 252. 

Tanagers, American birds, 443. 

Tangnou mountains, 61. 

Tapir, American, 452; Indian or 

• Malayan, 457, 459. 

Targatabai, volcanic range of, 159. » 

Tartary, flora of r 356, 

Tasmania, 141 ; area of, 143 ; moun- 
tains, «6. ; soil, 144 ; structure, ib. ; 
flora, 370. 

Taylor,* Mr., description of*\ui ice- 
storm in Canada, 132. 

Taylor, John, Esq., on the Cornish 
mines, 181. 

Tcfcad^ liver and lake, 275. 

Tea; cultivation and varieties of, 356, 

* 357. 

Tehuantepec^ isthmus oL 118, 277 ; 
* bay, ib. 

Temperature of the ocean, 214, 215 ; 

o stratum of constants temperature, 

214 ; line of maximum temperature, 

215 comparative, gf ocean and in- 
land seas, 225f|V26, note. # 

ir of the earth, 280 ; mean 

at any place, 284 f daily and an- 
nual, ib. 9 note f highest observed, 
285. 

Tenerife, Peak of, 300. 

Terror, Mount, 175. 

Teutonia races, 486. 

Thian-Shan, volcanic chain of, 59; 
Mr., Atkinson’s drawings of, ib. 

— ■ ■ ■ ■» or Celestial Mountains, 

52, 59. 

Thomas, St., island of, 300. 

Thunder-storms, 327 ; causes of, ib. 

Tiberias, Lake, 272. 

Tibet, table-land of (Oriental Plateau), 

its area and Altitude, 48.; its form 
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TIDES. 

and situation, 52-63C its width, 52 ; 
river system of, 57\mean height, 
139 'flora of, 352. ) 

Tides, influence of the sun and moon 
upon, tOO ; spring-Jides, ib. ; neap- 
tides, »6. ; frequency of tides, ib . ; 
their succession, 201 ; marginal tide, 
ib. ; velocity, 202 ; heights of tides, 
ib. ; variation in, $03. • 

Tierra del Ftiego, account of, 96, 108 ; 

geology, 115 ; flora, 381. 

Tiger, loyal, country of, 459, 

Tin, diffusion of, 188. 

Tinamou, an American bird, 444. 
^Titicaca, lake of, 100 ; area and 
height, 278. 

Toads, 420. 

Tobolsk, elevation of, 139. 

Tomboro, volcanic eruption of, in 1815, 
156. 

Toozla Lake, 272. 

Tortoises, 427*428. 

Trade-winds, 293. 

Tmgopan, an East Indian bird, 438. 
TieeS^ •/owth of, 385 ; age of, ib. 
Trigonocepfialus, <fr yellow viper,* 422. 
Trionyx, 428. 

Tripe de roche, 350. 

Tristan d’Acunha, island, 424. 

Tregon, 438. # * 

♦Tioupials, 44J. 

Tiub, lakejjf, 271. 

Tui, a New Zealand DirclJ 449. 
Tungut, or Chinese Tartary, its geo- 
graphical position, 52. 

Turks, 481. • 

Turtles, 428. 

Tuscany, earthquakes in, 161. 

Tussack grass, 382. 

Twilight, duration of, 318. 

Uleaborg, 312. 

Unau sloth, the, 467. • 

United States territory, area of, 134. 
Ural Mountains, 66-68 ; extent, 66 ; 
height, 67 ; mineral riches, ib. ; 
geology, ib. . 

Urmiah Lake, 273. 

Utah, Great Salt Desert of, 127 ; 
lake,’ ib. 

"Valley of Death,” 163. 

of the Ganges, 76. 

_____ 0 f the Jordan, 80. 


WILD ANIMALS. 

Valmiki, author of the Bamayana, 
447. . 

Vampire-hats, 468. «, 

Van, lake, 49, 273. 

Van Diemen's Land, or Tasmania, area 
of, 143; mountains, ib . ; soil, 144; 
structure, ib . ; flora, 370. 

Vanessa cardui, a butterfly, 394. 

Vanilla epidendron, 375. 

Variables, the, 293. 

Vegetation, mode of, 338 ; effects of, 
on*the atmosphere, J39. * 

V eragiSa, Cordillera of, its height, 
117. » 

Verpeuil, M. de, 39, note ; 63, note. ' 
Vermejo river, 378. 

Victoria Land, 174-176; ice cliffs, 
174, 175 ; mountains^ 74 ; its ap* 
pearance described, 174, 175. 

Vicuna, 46$; its naturalization, 469. 
Villaiica, volcano o£ 112. 

Ville, M. de, J79 fc note > 340, note •• 
Vipers, 423. 

V ulturcs, European, 435 ; American, 

• 44V 

Velcanic eruptions, frequency of, 159. 

fslands, 155-158. ( 

Volcanos, eruptions of, 9 ; active vol- 
canos, 159-161. 

• . 


Wal£sJ earthquakes in, * 161 ; coal- 
field, 1 JO. 

Wapiti deer, 405. 

Wjter-spou^, 303. 

Waves, lapses of, 203; height, 203, 
*204?; ground-swell, 204*; billows, 
Wt ; surf, 205 ^ force of waves, ib. 

Wealden clay, 16.. • • 

Wed&ell, Dr., 113 ; on cinchona, 376 ; 
on breed of alpaca and vjpuna, 470. 

Whewell r Dr„ vi. - 

Werner, law of^parallelism of mineral 
veins, 33.» 

Western Asia,* its table-lands and 
mountains, 47-50. 

West Indian Islands, 120-123 ; Lesser 
Antilles (group), 120; Greater 
Antilles, 121, 122 ; Bahamas, 122 ; 
structure, 122, 123. 

Whales, 414-417. 

Wheat, varieties and cultivation, 384. 

Whirlwinds, 303. * 

Wild animals, troops of in South «Af- 
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WINDS. ; I 

rica, 87 ; their extraordinary tame-’ 
ness, ib. 

Winds, theory o£ 292 ; trade, 293, 

Wind Rivjpr Mountains, 126. 

Winnipeg Lake, 276. 

Wombat, 472. 

Wrangel, Admiral, on the climate of 
Siberia, 70; his attempt to reach 
the North Pole, 71, note. 

Writing, most ancient forms of, 508. 

Wuler, lake of, 274. 
a 

Xarayos Lake, 2^7. 

* 

Yablonnoi Khrebet, 62. 


ZUR^AH. 

Yakutsk, “ thjl coldest town on the 
earth,” 71^287. , 

Yarkand, plateau of, 52,- 59. 

Ybera, swamp, its area, 109. 
Yenessei, flora pf, 352. 

Zambeze river, Africa, 86. 

Zealand New, its. mountains, 147 ; 
coast, c ib . ; general "character, ib. : 
flora, 370. 

Zebra, 462. 

Zones, their breadth, 5. 

of marine life, 406-409. 

Zouga river, 85. 

Zungary, or Mongolia, 60. 

Zurrah, lake, 273. 
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